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The Cs Carrier System 


By L. R. MONTFORT 
Toll Transmission Engineering 


HE first type-C carrier system 

was placed in service during 

1924. It provided three voice 
channels in both directions in the fre- 
quency space above the usual voice 
band. Since then, improvements have 
been incorporated in successive mod- 
els, designated C2, C3 and C4. In the 
earlier systems, variations in trans- 
mission caused by changes in weather 
or by variations in circuit conditions 
were taken care of by manual adjust- 
ments, an alarm operated by a pilot 
channel serving to indicate when the 
adjustments should be made. Later, 
arrangements were included whereby 
these adjustments were made auto- 
matically under control of the pilot 
channel itself. 

More recently many advances in 
carrier technique have been made, 
which it seemed desirable to apply to 
the type-C carrier system. As a result 
the Cs carrier system was developed. 
Among the improvements incorpo- 
rated are copper-oxide modulators 
and demodulators, new filter designs, 
negative-feedback amplifiers, im- 
proved equalization and higher gain, 
and a new type of automatic regula- 
tion. Most of the equipment has been 
completely redesigned, with the result 
not only of an improvement in per- 
formance but of a very substantial re- 
duction in size and cost. While three 
and a half bays were required for the 
terminal that was used for the earlier 
system with an automatic regulator, 
less than one bay is needed for a 
complete terminal of the new system. 
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A complete system includes two 
terminals and, except for short sys- 
tems, one or more repeaters. A block 
schematic showing one terminal and 
one repeater is given in Figure 1. The 
carrier channels are separated from 
the voice-frequency circuit at the 
terminals and at each repeater by 
line-filter sets, each consisting of a 
high-pass and low-pass filter. Two 
types of line-filter sets are used. One 
type is used when the voice circuit is 
an ordinary message circuit, requiring 
frequencies up to about 3 ke only, and 
the other, when it is a program cir- 
cuit, requiring frequencies up to 5 ke, 

The Cs system occupies the fre- 
quency band from about 6.5 kc toa 
little over 28 kc—one direction of 
transmission using the range from 6.5 
to about 15.5 kc and the other direc- 
tion, the range from just under 18 to 
28 ke. This use of different frequency 
bands for the two directions of trans- 
mission gives the advantages of four- 
wire transmission and minimizes near- 
end crosstalk. The earlier type-C 
systems employed three different 
frequency allocations for use when 
several systems were operated on the 
same pole line. The channels of the 
various allocations were staggered 
with respect to each other to reduce 
crosstalk between them. With the 
better transposition designs now 
available, and with methods of im- 
proving the crosstalk on the older 
lines, only two allocations have been 
provided for the Cs system. These 


two allocations are alike for the low- 
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frequency bands, and the only dif- 
ference in the high-frequency bands is 
that with one allocation the bands are 
inverted, the carrier appearing at the 
lower rather than the upper edges of 
the bands. These two allocations for 
the C5 system and the three used for 
the earlier C systems are shown in 
Figure 2. 

The channels of the Cs system are 
terminated at the voice-frequency 
side as four-wire circuits. This permits 
them to be directly connected to other 
four-wire circuits, either voice-fre- 
quency or J or K carrier, without re- 
duction to a two-wire basis. Four- 
wire terminating sets are added when 
the Cs circuits are to be carried to a 
two-wire circuit. The input and out- 
put voice-frequency levels are —13 
and +4 db respectively. 

Incoming voice frequencies pass di- 
rectly to a modulator where they are 
converted to the higher frequencies 
used for transmission. The modulators 
are of the copper-oxide varistor type 
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and provide a high degree of balance, 
thereby eliminating the periodic main- 
tenance required by the vacuum-tube 
modulators of the earlier systems to 
reduce carrier leak. The new modu- 
lators are also designed to limit the 
peaks of very loud talkers, which 
would otherwise overload the ampli- 
fiers. This reduction of peaks is 
accomplished without noticeable ef- 
fect on the quality of the speech. 
The output of each modulator con- 
tains two sidebands, and the associ- 
ated channel band filter selects one 
and suppresses the other. A much 
flatter characteristic is attained in the 
pass-band of these filters than of the 
earlier types of filters, and because of 
this, four or five type-C channels can 
be operated in tandem without undue 
distortion. The overall characteristic 
of a channel of the new system is 
shown in Figure 3. A considerable 
reduction in the space required by the 
filters has been secured by using coils 
with magnetic core material of im- 
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Fig. 1—Block schematic of a Cs terminal and a C\ repeater, which form the compo- 
nents of the new C5 carrier system 
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proved modulation performance in- 
stead of air-core coils. 

Before being applied to the line, the 
outputs of the three transmitting 
band filters, together with that of the 
pilot oscillator are amplified in a 
common transmitting amplifier and 
put on the line at a level of +18 db. 
This amplifier is the same as that used 
in the receiving branch, and at re- 
peaters. It uses only two tubes, and 
negative feedback gives satisfactory 
stability and low modulation. Ampli- 
fiers in the earlier system required 
6 or 8 tubes, depending on the gain 
needed, and required periodic balanc- 
ing of the output tubes to secure 
sufficiently low modulation. The di- 
rectional filter between the amplifier 
and the line, and that in the receiving 
branch, separate the two directions of 
transmission and prevent the outgoing 
frequencies from entering the receiv- 
ing circuit. 

On the receiving side, the carrier 
currents—after passing through the 
directional filter—enter the equalizer. 
This provides additional loss at the 
lower frequencies where the line at- 
tenuation is smaller, so that at the 
input to the amplifier all frequencies 
are at approximately the same level. 
Between the equalizer and the ampli- 


fier is a variable artificial line con. 
trolled by the regulator, whose action 
is governed by the level of the pilot 
signal picked off at the output of the 
amplifier. An increase in line attenu- 
ation causes the pilot level at the out- 
put of the amplifier to decrease, 
whereupon the regulator reduces the 
amount of artificial line and restores 
the pilot level to its normal value. 
The reverse takes place when a de- 
crease in attenuation occurs, thus 
maintaining the input to the amplifier 
at constant level. On short non- 
repeatered systems, a manually con- 
trolled potentiometer may be used in 
place of the automatic regulator. 
The receiving band filters differ 
from those on the transmitting side 
only in their frequency band, and are 
identical with the transmitting filters 
used for the same channels at the 
distant terminal. The demodulators 
are similar to the modulators, using 
a varistor for modulation and a pen- 
tode to supply the carrier frequency. 
An amplifier tube is also provided to 
obtain an output level of +4 db, and 
the gain is adjustable over a small 
range to permit closer adjustment of 
the net loss of the individual channels. 
Spaced on the average at intervals 
of 150 miles, the repeaters provide 
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Fig. 2—Frequency allocations used for the old and new C-carrier systems 
356 August 1940 


means of equalizing and amplifying 
each direction of transmission to re- 
store the level of each channel to +18 
db. The equipment for each direction 
of transmission through the repeater 
is similar to the common receiving 
circuit that is used at the terminal 


for the corresponding direc- 


with the addition of 110-volt a-c for 
operating the regulator motors. Where 
battery reserve is not warranted, the 
terminals and repeaters may be oper- 
ated from an a-c source. 

A complete terminal or repeater 
with automatic pilot channel equip- 


tion of transmission. 
The 2B pilot channel used 


for regulating the C5 system 
automatically maintains the 


overall net loss of long systems 
to within +2 db over a wide 


variety of weather conditions. 
The pilot frequencies, derived 


from oscillators, are placed in 


RELATIVE LOSS IN DECIBELS 


the frequency space between 
channels, and are transmitted 


over the line with the sideband ° 
frequencies. The regulating 
system operates in much the 
same manner as that used for 
the Ji-carrier system. When 
the pilot level departs by more than 
0.5 db from its normal value, a control 
meter makes a contact that causes a 
motor to vary the amount of artificial 
line in the circuit as already described. 
By this means the output of each re- 
peater or terminal is maintained at 
practically a constant level. The regu- 
lator corrects at the rate of 1 db per 
minute and has a range of about 20 
db. In case of a sudden large change, 
such as would be caused by line 
failure, the regulator does not change 
the gain of the repeater, but instead 
turns in an alarm. 

Thousand-cycle signalling is em- 
ployed for ringing over the system. 
The usual office batteries of 24 and 
130 volts are used for power supply, 
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Fig. 3—Overall transmission-frequency character- 


istic of a C5 channel 


ment is mounted in a single bay. 
Where bays 11 feet 6 inches high are 
used, there is sufficient space to per- 
mit the carrier-line filters and four- 
wire terminating sets to be included 
on the same bay. In the earlier mod- 
els, three and one-half bays were 
required for a terminal and two bays 
for a repeater, when automatic regu- 
lation was included, and in addition 
it was necessary to place the line 
filters in a separate location. This very 
large saving in space is of considerable 
advantage since systems are often 
added in existing offices where space 
may be at a premium. As a result of 
all these improvements the field of 
application of these carrier systems 
has been greatly increased. 


New Hysteresis Model 


By F. S. GOUCHER 
Physical Research 


ANY attempts have been 
made to represent, by me- 
chanical models, the hys- 


teresis effects obtained when solids 
are subjected to cyclic stresses, or 
when iron is subjected to alternating 
magnetic fields. A new model gives 
quantitative results for an important 
type of hysteresis. It is an outgrowth 
of a study of the straining of granular 
carbon in microphones, and it will 
draw curves very much like the 


Ss! 


A 


4 
R 


Fig. 1—Hysteresis is simulated mechani- 
cally by dragging wooden blocks 1w-8w, 
of increasing weight on a horizontal glass 
plate. Springs provide the elastic elements 


magnetic curves of iron in low fields. 
Because mechanical and magnetic 
hysteresis are important in the field 
of communications, the model as- 
sumes a particular interest in tele- 
phone research. 

Hysteresis may be considered as a 
special type of non-elastic behavior 
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which exists in both mechanical and 
magnetic systems in addition to a 
basic elastic behavior. It may be 
described as a tendency for the ma- 
terial to persist in its state of strain or 
of magnetization; and it manifests 
itself in the well-known hysteresis 
loops obtained by plotting magnetiza- 
tion against magnetic force, when the 
latter is varied between two fixed 
limits. The tendency of the iron to 
persist in its state of magnetization 
is shown by the change of slope at the 
loop ends. The characteristic shape 
and area of these loops are indepen- 
dent of the rate at which the me- 
chanical or magnetic force is varied. 

In previous models the elastic com- 
ponent has been represented by 
springs and the hysteretic component 
has been introduced by sliding fric- 
tion. The friction makes the system 
tend to persist in any given state of 
strain and furnishes a suitable means 
of producing equivalent effects under 
different rates of stressing, since slid- 
ing friction is to a first approximation 
independent of velocity. But the loop 
forms obtained with these models do 
not represent quantitatively the spe- 
cial type of hysteresis which we are 
considering here. 

The loops obtained with iron in 
simple cyclic fields of low intensity, 
such as result from a single-frequency 
magnetizing current, have loop 
branches which are identical parab- 
olas whose vertices are the loop ends. 
The vertex for the lower loop branch 
is at the point of minimum magnetic 
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force and that for the upper loop 
branch is at the point of maximum 
magnetic force. Even when the cyclic 
field is complex, as with currents of 
two frequencies combined in various 
ways, the loop branches are still 
identical parabolas with vertices at 
each maximum or minimum. The 
manner in which these loop branches 
combine has been previously de- 
scribed.* The new hysteresis model 
quite accurately fulfills all of the 
essential characteristics of this com- 
plex type of hysteresis. 

Eight wooden blocks of equal size 
are made to exert progressively in- 
creasing frictional resistance by the 
addition of metal weights each of 
which weighs the same as a block. The 
blocks rest on a horizontal glass plate 
as shown in Figure 1. They are at- 
tached to springs, Ss; of relatively high 
stiffness attached to a fixed base, and 
s. of relatively low stiffness attached 
to a bar B which is capable of motion 
in a direction to vary the tension on 
the springs. 

The motion of the bar B measures 
the approximately equal forces ap- 
plied to each block, since the motions 
of the blocks, when sliding, are rela- 
tively small. The slipping movenients 
are integrated by a flexible thread 
which passes over the pulleys p as 
shown. One end is attached to a 
spring ss which is stretched by B in a 
reversible manner since it has no 
frictional load. The thread kept at 
constant tension by weight y moves a 
traveller of low friction in a direction 
at right angles to that of sB. This 
traveller carries an electrically heated 
stylus which makes a trace on a piece 
of waxed paper attached to B and 
lying in the plane of its motion. In 
this way the integrated motion of the 
slipping blocks and the spring s; is 

*Recorp, Fuly, 1935, p. 332. 
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automatically plotted as a function 
of the force applied to the blocks. 
After the establishment of equilib- 
rium, which occurs when the force has 
been carried through a few cycles, the 
first block to slip, after a maximum or 
a minimum, will be the block with the 
lowest friction. That is the block 
marked 1w, Figure 1. As the force de- 
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Fig. 2—The hysteresis loop III is the re- 
sultant of the elastic curve I, obtained from 
the stretching of spring 83, Figure 1, when 
none of the blocks slips, and loop II made 
without the use of the spring Ss 


creases or increases block 2w follows, 
then 3w, and so on. Each block when 
started will continue to slip uni- 
formly with equal increments of force 
until a new minimum or maximum 
has been reached. Also each block, 
once started, will slip the same 
amount with equal increments of 
force. This leads to an approximate 
parabolic relationship between the 
integrated motion of the blocks and 
the force, which becomes more exact 
the finer the grain of the model, i.e. 
the greater the number of blocks used. 

The loop III, Figure 2, was made 
with the model as described. It is the 
resultant of two components, i.e. the 
elastic curve I which is obtained if 
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none of the blocks is permitted to slip, 
and the loop II which results if the 
end of the thread attached to the 
spring s; is held fixed. The relative 
magnitudes of I and II can be altered 
by changing the spring stiffnesses. 
Thus the loop may be long and thin 


(A) 


(c) 


(B) 
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identical parabola with its vertex at 
the point of maximum force, f, its 
tangent at that point being a line 
parallel to the stress axis. Since curve 
I is a straight line, it follows that the 
lower and upper loop branches of [I] 
are also identical parabolas, with 
vertices at 0 and f re. 
spectively, and tan- 
gents parallel or coin. 
cident with curve I. 
In Figure 3 are 
shown traces made 
with the mcdel which 
illustrate the distinc. 
tive features of the 
hysteresis found in 
iron. In (a) are loops 
for equal magnitude of 
cyclic force but differ- 
ent mean values of the 
force. The loops are 
identical in shape and 
have been merely 
translated without ro- 
tation. In (B) is a 
family with the same 
minimum force for 
each loop, but a dif- 
ferent maximum force. 
The lower branches 
which are coincident 
throughout their 
length are parabolic 


and identical in shape 
with the lower branch 
of curve III, Figure 1. 
In (c) the maximum 
force is the same for 


each loop; the upper 


Fig. 3—Hysteresis loops made with the machine (stress 

horizontal and motion vertical): a, two loops with equal 

cyclic forces whose mean values are different; B, a family of 

loops with minimum forces equal; c, maximum forces equal; 

D, loop symmetrical about a point half way between the 
maximum and minimum force values 


or as shown here for convenience, 
short and fat. The lower branch of 
loop II is substantially a parabola 
with its vertex at 0, the tangent to it 
at that point being the stress axis 0 F. 
From the symmetry of the loop it is 
clear that the upper loop branch is an 
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branches are coinci- 
dent and of the same parabolic form. 
In fact (c) would be obtained pre- 
cisely by rotating (B) through 180 
degrees. In (p) the force varies so as 
to. make the loops symmetrical about 
a point half way between the maxi- 
mum and minimum values for the 
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largest loop. The effect is as though 
the smaller loops from (B) or (c) were 
translated without rotation to their 

sition in (D). 

The loops just described result from 
the application of simple cyclic forces 
for which there is only one maximum 
and one minimum in each cycle. The 
performance of the model when there 
are several maxima and minima 
within one complete cycle is shown in 
Figure 4. Trace (a) is obtained by re- 
versing the forces at the numbered 
points on the force axis in the order 
given. Below is drawn the wave form 
from which reversal points were de- 
termined. It is the resultant of two 
frequencies in ratio 2 to 3 with equal 
amplitudes and a particular phase. 
Trace (b) corresponds to a wave form 


obtained by combining two frequen- 
cies of widely different amplitudes. In 
(c) is the trace for two nearly equal 
frequencies of equal amplitude, i.e. a 
beat tone. Each loop branch is part of 
the same parabola with its vertex at 
the last maximum or minimum which 
has been traversed. 

The similarity of the loop shapes 
obtained with this mechanical model 
and with a magnetic material indi- 
cates that a theory of magnetic hys- 
teresis may be found which can be 
expressed in quantities analogous to 
those which represent the essential 
elements of the model. It has also led 
to the conclusion that slipping occurs 
under certain conditions, at or in the 
contact surfaces, when a granular 
aggregate is strained. 
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Fig. 4—Traces with several maxima and minima: a, force reversed at numbered points 

in the order given—this loop was made with two frequencies in the ratio 2:3 but of the 

same amplitude; 6, wave form from two frequencies where the amplitude of one is 
several times that of the other; ¢, trace for a beat tone 
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The 14C Program Amplifier 


By S. T. MEYERS 
Voice-Frequency Repeater Development 


N BROADCASTING | networks 

there are usually points that serve 

as junctions for a number of pro- 
gram circuits. A nationwide network 
extending from New York to San 
Francisco, for example, might be 
branched at a considerable number of 
bridged points, consisting of branches 
to other cable and open-wire routes 
and connections to broadcast custo- 
mers. The branching is accomplished 
through a bridging multiple, one ar- 
rangement of which is indicated in 
Figure 1. This arrangement has an 
amplifier in the incoming line, which 
acts as the line amplifier for the pre- 
ceding section, and this amplifier 
feeds the bridging multiple either 
through resistances to make the 
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multiple impedance 600 ohms from 
that side, or through a transformer as 
shown, to obtain the proper imped- 
ance. Each output branch of this 
multiple has a resistance to increase 
the low impedance of the multiple to 
600 ohms, and an amplifier to make 
up for the loss in the multiple. 
These bridging multiples may have 
as many as eight or more outlets, and 
thus require as many amplifiers in ad- 
dition to the incoming line amplifier. 
A considerable reduction in the equip- 
ment and space required, as well as a 
simplification in the circuit, could be 
secured if an amplifier were available 
with sufficient output capacity to 
make the individual amplifiers in each 
outgoing line unnecessary. With this 
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objective in view, the 14C amplifier— 
shown in the photograph at the head 
of this article—was developed. It has 
a low-impedance output and sufficient 
power-carrying capacity to supply 
four open-wire Circuits at a volume of 
+14 vu each, or sixteen cable cir- 
cuits at a volume of only +8 vu each. 
Since with these volumes one open- 
wire circuit may be used instead of 
four cable circuits, a bridging multiple 
when used with the 14C amplifier 
might be arranged as indicated in 
Figure 2, which shows a multiple 
feeding three open-wire circuits and 
four cable circuits. The cable circuits 
are supplied through an autotrans- 
former, which reduces the voltage ap- 
plied to them by one-half. Each 
branch has only balanced resistances, 
which serve both to build out the low 
impedance of the multiple and ampli- 
fier to the higher impedance of the 
line, and tend to prevent disturbances 
coming in over one branch from hav- 
ing a serious effect on the other 
branches of the circuit. 

This new amplifier employs nega- 
tive feedback to stabilize it against 
gain variations arising from varia- 
tions in the tubes or power supply, 
and to reduce the non-linear distor- 
tion. The feedback also produces a 
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Fig. 1—A typical bridging multiple for 

program circuits which requires an ampli- 

fier in each branch in addition to the line 
amplifier on the incoming circuit 
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desirable flattening in the gain-fre- 
quency characteristic. 

A calibrated and readily adjustable 
gain control is essential for an ampli- 
fier used on open-wire circuits to en- 
able the gain to be changed quickly 
and accurately without the use of 
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Fig. 2—When the 14C amplifier is used, 
the individual amplifiers in the branch cir- 
cuits are omitted 


measuring devices. One of the features 
of this new amplifier is the simple gain 
control through three rotary switches 
mounted on the front of the panel. 
These switches control the three po- 
tentiometers indicated in Figure 3. 
Two of the potentiometers are shunted 
across the feedback path, and give 
gain changes in 1 and 0.25-db steps. 
The 1-db control, shunted across the 
cathode resistance, has a range of 9 
db, while the 0.25-db control, shunted 
across the middle of the feedback 
path, has a range of 1 db. The total 
range for these two controls is thus 
10 db. A third control, associated with 
the input transformer, has _ three 
10-db steps to provide an additional 
30 db of control, thus making the 
total 40 db. The two slide resistances 
shown in the feedback path are for 
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calibration, and permit the gain indi- 
cated by the three switches on the 
front of the panel to be brought 
within at least +0.15 db of the true 
gain of the amplifier. 

The amplifier is readily adaptable 
for application to program circuits at 
branching points, where a low output 
impedance is advantageous, or for use 
as a single line amplifier with a 600- 
ohm output impedance. Under this 
latter condition it is capable of sup- 
plying an output volume of +20 vu. 
Its frequency characteristics, either 
as a line or bridging amplifier, are 
flat to within 0.1 db from 30 to 8000 
cycles. An equalizer shunted across 
the output provides adjustment for 
high frequencies. The amplifier is de- 
signed to allow the space current of 


each tube to be measured by means 
of the 1R test set* while the ampli- 
fier is in service. 

Besides its use as a bridging ampli- 
fier as outlined above, the 14C ampli- 
fier will also be used as a non-bridging 
amplifier on open-wire and B-22 cable 
program circuits in the future. In 
this service it may be used in place 
of the 14B amplifier on open-wire 
lines and the 12C amplifierf on cables, 
except at non-regulating points on 
B-22 cable circuits. The amplifier is 
particularly suited for use at junc- 
tions of cable and open wires, and, 
adapted by the association of a bridg- 
ing multiple, to give proper levels. 

*RecorD, June, 1933, 315. 


tRecorp, February, 1934, p. 162. 
tRecorp, January, 1931, p. 234. 
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Fig. 3—Simplified schematic of the 14C amplifier 
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Transmission 
Measuring Set 
for Outlying 
Telegraph 


Stations 


By S. I. CORY 
Transmission Development 


OR service at telegraph 

subscriber stations, 

maintenance men _ have 
carried until recently only a 
tool kit and an ammeter-volt- 
meter. These were sufficient 
where the subscriber was only 
a few miles from the central 
office and the connection was a 
simple loop. There has been 
need, however, for a portable 
testing arrangement to diag- 
nose and remedy transmission 
troubles at outlying subscriber 
stations, which usually involve 
simplexed or composited open wire 
or cable. The recently developed 
161AI telegraph station test set ful- 
fills this purpose. With it the several 
currents of importance in telegraph 
transmission can be checked con- 
veniently and distortion and interfer- 
ence measurements made. 

The set has a Wheatstone bridge 
type of circuit to measure the distor- 
tion of selected signals and another 
circuit for determining the amount 
and character of interference such as 
telegraph crossfire and power inter- 
ference. A special plug is provided to 
connect the test set to the subscriber’s 
teletypewriter. It is inserted in place 
of the sending or receiving relay and 
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in many cases saves the time and 
effort of opening soldered connections. 
When the special plug is used distor- 
tion and interference measurements 
as well as those of the line, bias and 
armature currents in the relay are 
made by merely operating keys. There 
is also a key to permit normal com- 
munication with the distant station 
while still set up for testing. The 
meter of the set can also be used as an 
accurate voltmeter or milliammeter 
during trouble investigations and in- 
stallation work. A vacuum-tube half- 
wave rectifier, operated on 110-volt 
alternating or direct current, supplies 
current for measuring and relay- 
biasing circuits. 
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Distortion and interference meas- 
urements require special test signals 
and these measurements are made 
only during out-of-service periods. 
For distortion measurements, the 
teletypewriter characters known as 


ane 
SIGNAL STOPSTART! 2 3 4 5 STOP PERCENT 
BLANK ] | l -61.7 
-34.7 
-7.6 
M ] L_ +92 
] L_ 
LETTERS +73.0 
UNIT -73.0 
I-CYCLE 
REVERSAES ° 
23-CYCLE 


MARKING TIME- SPACING TIME 
MARKING TIME + SPACING TIME 


NOTE: (1) TIME BIAS = 


Fig. 1—Signals that are employed in the 
measurement of bias and _ characteristic 
distortion of telegraph circutts 


Blank, T, 0, M, v and Letters are 
measured in turn with forty to fifty 
repetitions of each of these characters. 
These and other signals used are 
shown in Figure 1. Interfering cur- 
rents of given magnitude can be re- 
lated to telegraph performance by 
measuring the steepness of the tele- 
graph current wave as received from 
a distant station and the effect on 
telegraph operation can be ap- 


relay without distortion the marks 
and spaces are of equal duration and 
the meter will indicate zero, on the 
average, if the bridge potentiometer js 
set at its mid-point. For the “Blank” 
signal, the marking pulse lasts 1.42 
units* and the spacing pulse 6 units, 
The potentiometer arm is therefore 
set to give 6 units of current during 
the marking interval and 1.42 units 
during the spacing interval. Then the 
bridge is “balanced”’ and the meter 
indicates zero when receiving undis- 
torted Blank characters. Distortion 
of the received signals produces un- 
balance of the bridge and causes the 
meter to indicate other than zero. The 
constants of the circuit are adjusted 
so that the meter indicates the distor- 
tion, directly in percentage of a .022- 
second dot. A high degree of damping 
is provided to prevent the meter from 
responding to the fundamental fre- 
quency of the teletypewriter charac- 
ters which is only about 6 cycles per 
second for 60-speed signals. 
Interference measurements are 
made with the circuit shown in 
Figure 3 by noting on the meter m 
the biasing current which just pre- 
vents the armature of the receiving 
relay from responding to the inter- 


*At a speed of sixty words per minute (60 spee J) 
the duration of a unit pulse is .022 second. 


proximated by adding to- L $ 
gether the components’ effects. ia 
The circuit used in measur- een 
ing bias and characteristic dis- RRELAY 
tortion with the special test gpa ° = 
signals is shown in Figure 2. 
It is similar toasimple Wheat- METER 
stone bridge and is balanced WNE!4 REVERSALS v 
when the receiving relay of +9°°| ll T LETTERS 
the set is operated with un- 


distorted test signals. For ex- 
ample, if undistorted telegraph 
reversals are repeated by the 
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Fig. 2—A 1614 test set has a Wheatstone bridge 
type of circuit for measuring distortion and bias in 


telegraph circuits 
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fering currents. Movement of the lt 
armature is indicated by a telephone 
receiver. The potentiometer P varies E 
the biasing current. 


The effect of a given interfering ~~ 
current can also be approximated (rotarizeo) 
with the circuit of Figure 3 by operat- 
ing the switch to connect the meter | 4 
mi in the circuit as for the measure- 
ment of bias. The effect on bias of RECEIVER 
changing the biasing current by the Fig. 3—Circuit for making interference 
amount of the interfering current can measurements with the test set 
then be noted when receiving tele- 
graph reversals or any of the selected _ field the causes of trouble in telegraph 
teletypewriter characters. circuits this measuring set is a valu- 

Because of its convenience and ac- able addition to the growing list of 
curacy for determining quickly in the _ transmission testing tools. 


I.R.E. Honors Lioyp 


The Medal of Honor of the Institute of Radio Engineers 
has been awarded to Lloyd Espenschied “‘for his accom- 
plishments as an engineer, as an inventor, as a pioneer in 
the development of radio telephony, and for his effective 
contributions to the progress of international radio coordi- 
nation.” Formal presentation of the medal to Mr. Espen- 
schied was made at the Fifteenth Annual Banquet of the 
Institute held in Boston on June 28. 

The medal, which was established in 1917, is the senior 
medal of the Institute and is awarded annually in recog- 
nition of noteworthy inventions and developments in 
electrical communication. Among those who have received 
this medal are Lee de Forest, M. I. Pupin, A. E. Kennelly, 

J. A. Fleming and G. A. Campbell. 


. 


Heavy-Water Rochelle-Salt Crystals 


HE piezo-electric effect in 

Rochelle salt has found prac- 

tical application to some ex- 
tent in microphones, receivers, phono- 
graph pick-ups and electric filters. A 
limitation of its use, however, has 
been the rapid loss of the piezo- 
electric properties above temperatures 
of 75 degrees Fahrenheit. A. N. 
Holden of the Chemical Laboratories 
has recently found that Rochelle-salt 
crystals retain their piezo-electric 
properties to 95 degrees Fahrenheit if 
made with heavy water instead of 
ordinary water, as first suggested by 
S. O. Morgan. 

Behavior of Rochelle salt proves 
to be in almost all respects the elec- 
trical analog of the magnetic behavior 
of iron and other ferromagnetic ma- 
terials. Below a certain critical tem- 
perature a ferromagnetic material 
has been shown to consist of small 
domains, each spontaneously mag- 
netized but with the directions of 
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magnetization of the many domains 
so distributed as to produce no net 
magnetization. A Rochelle-salt crystal 
similarly, in its anomalous tempera- 
ture range, has been shown to consist 
of small domains polarized in two 
opposing directions. The process of 
charging the material in bulk, by an 
applied electric field, consists largely 
in reversing the direction of polari- 
zation of these domains. 

The much higher internal damping 
and the variation with temperature 
of the natural frequency of vibration 
of bars of Rochelle salt make it very 
unlikely that the material could re- 
place quartz, the other well-known 
and widely applied piezo-electric ma- 
terial. Extending the useful tempera- 
ture range of Rochelle-salt crystals, 
however, will broaden their usefulness 
in fields where they are effective. 

The crystal at the left above was 
made with heavy water, the other two 
are ordinary Rochelle-salt crystals. 
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NEWS AND PICTURES 
OF THE MONTH 


Ultra-high-frequency antennas under test at the Deal radio laboratory for 
operation at 136 megacycles 
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News of the Month 


Honors Dr. Davisson 


THE HONORARY DEGREE of Doctor of Science 
was conferred on C. J. Davisson by Colby College 
of Waterville, Maine, at the annual commence- 
ment exercises held on June 17. In presenting the 
degree, Franklin W. Johnson, president of the 
college, said of Dr. Davisson: “A scientist who, 
after a brief period of teaching, has devoted his 
talents to research as a member of the staff of a 
great and essential industry. Member of many 
learned societies; recipient of numerous medals 
and awards in this and other countries. A skilled 
experimenter, he has done work of great merit in 
electron emission and focussing, and his investi- 
gations of the diffraction of electrons by crystals 
gave the first direct proof of the theory of wave 
mechanics and the undulatory properties of 
matter, an experimental triumph which won the 
Nobel Award in Physics in 1937.” 


Bett System Heaps APPOINTED 
To Nationa DerenseE Posts 

Frank B. Jewett, President of the Labora- 
tories, and William H. Harrison, one of its direc- 
tors, have been appointed to important posts in 
connection with the country’s program of 
national defense. Dr. Jewett has been made a 
member of the National Defense Research Com- 
mittee. This committee is empowered to correlate 
and support scientific research on the mechanisms 
and devices in warfare to aid and supplement the 
experimental and research activities in the Army 
and Navy, and to conduct research for the 
creation and improvement of instrumentalities, 
methods and materials of war. 

Mr. Harrison, who is Vice President and Chief 
Engineer of the American Telephone and Tele- 
graph Company, has been appointed Director of 
the construction division of the production de- 
partment of the National Defense Advisory 
Committee. In announcing Mr. Harrison’s ap- 
pointment, it was pointed out that he has had 
general direction of vast construction activities 
reaching into every state in the Union, thereby 
gaining a unique knowledge of the architectural 
and engineering professions and the building 
construction industry throughout the whole 
country. L. G. Woodford, of the A. T. & T., has 
been appointed assistant vice president and will 
be in charge of the Department of Operation 
and Engineering during Mr. Harrison’s absence. 


[ii] 


THe New Restaurant Opens 


ON THE SEVENTEENTH of July the new restau- 
rant in Section 1G opened and offered its services 
to members of the Laboratories. Approximately 
350 people can be seated in the cafeteria and 
about eighty-five in the dining room. One corner 
of the cafeteria can be closed off to form a con- 
ference dining room, available to all groups on 
request, while just off the cafeteria is a space 
which is part of the facilities of the Bell Labora- 
tories Club, large enough to accommodate about 
twenty bridge tables. The ceilings of all of these 
rooms have been soundproofed. 

All the restaurant serving equipment is of 
stainless steel. There is enough room in front of 
the cafeteria serving counter so that those 
planning a light lunch can get past the hot-dish 
customers without any delay; this arrangement, 
together with a serving staff doubled in size, 
greatly improves the speed and comfort of 
service. Bus girls remove dishes and keep the 
tables clean. 

Modern equipment is used in the kitchen, most 
of it of stainless steel. The dish-washing equip- 
ment, of the latest type as required by the recent 
New York City ordinance, sterilizes every dish 
at 180 degrees for one minute. The ceiling of the 
dish-washing area is soundproofed and_ the 
entire kitchen floor is of non-skid tile. 

There are two independent ventilating units 
for the restaurant proper, one for the cafeteria 
and one for the dining room. In summer the air 
will be cooled before being circulated and in 
winter it will be blown over radiators for heating. 
Spun-glass filters have been installed to keep out 
dust and soot. 

A feature of the decorations is the series of four 
designs inlaid in red and yellow in the blue lino- 
leum floor. These designs are based on the molecu- 
lar structures of the four vitamins A, B,, C and D. 

The general layout of the restaurant and the de- 
sign and purchase of the equipment were handled 
by G. H. Bogart and A. F. Leyden under the 
general supervision of S. H. Willard, Plant Man- 
ager, with Voorhees, Walker, Foley and Smith as 
architects and R. A. Steelman of the American 
Telephone and Telegraph Company as advisor. 
Building alterations and the installation of equip- 
ment were made by contractors under the direct 
supervision of W. R. Fahringer and D. J. Hen- 
drick of H. C. Atkinson’s group. H. W. Dipple 
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handled the numerous contractual relations. 
W. J. Hahn is in general charge of the operation 
of the restaurant with Miss Jane Brett in charge 
of food preparation and service, both reporting 
to J. M. Reilly. F. E. Dorlon is responsible for the 
purchase of all foods and restaurant supplies. 


News Notes 

Lioyp EspENSCHIED was honored at the Fif- 
teenth Annual convention of the Institute of 
Radio Engineers, held in Boston from June 27 to 
29, by being awarded the Institute’s Medal of 
Honor. The medal was presented to Mr. Espen- 
schied by Lawrence C. F. Horle, president of the 
Institute, at the annual banquet. The citation 
accompanying the medal will be found on page 
367 of this issue. At a session devoted to Fre- 
quency Modulation, J. F. Morrison presented a 
paper, 4 New Broadcast Transmitter Circuit 
Design for Frequency Modulation. A meeting of 
the Board of Directors was attended by R. A. 
Heising and F. B. Llewellyn. Ralph Bown also at- 
tended this meeting as a guest. 

At THE PITTSBURGH MEETING of the American 
Physical Society several papers were presented 
by members of the Laboratories. These were 
Magnetic Properties of Iron-Aluminum Alloys 
by R. M. Bozorth, H. J. Williams and R. J. 
Morris, Jr.; Vicalloy, a New Permanent Magnet 


Material by E. A. Nesbitt and G. A. Kelsall; 
Change in Length and Young’s Modulus with 
Magnetization and Heat Treatment by H. J. 
Williams, R. M. Bozorth and H. Christensen; 
Explanation of Anomalous Magnetic Torque 
Curves by R. M. Bozorth and H. J. Williams; 
A Thermistor Voltage Regulator by C. B. Green 
and G. L. Pearson; and 4 Magnetic Ultra- 
Micrometer for Measurement of Thin Films or 
Nonmagnetic Material Superimposed Upon a 
Base of Magnetic Material by W. B. Ellwood. 
Others attending the meetings included J. A. 
Ashworth, P. P. Cioffi and W. P. Mason. 

J. C. Sremsere, assisted by D. W. Farns- 
worth, gave a lecture-demonstration on Recent 
Researches in Speech and Hearing at the Fiftieth 
Anniversary Meeting of the American Associa- 
tion to Promote the Teaching of Speech to the 
Deaf. This meeting was held in Providence on 
June 20. A high-light was their demonstration, 
by filling the mouth and throat with helium gas 
instead of air, that the apparent pitch of the 
voice depends on the density of the gas. At a 
meeting of the American Laryngological, Rhino- 
logical and Otological Society, held in New 
York City on June 6, Dr. Steinberg discussed a 
paper by Dr. Edmund P. Fowler on Head 
Noises—Significance, Measurement and Impor- 
tance in Diagnosis and Treatment. 


On June 17 Dr. Jewett was host at the Holmdel laboratories to K. S. McHugh and W. H. 

Harrison, vice presidents of the American Telephone and Telegraph Company, and C. G. Stoll, 

president of the Western Electric Company. The occasion was a demonstration of recent radio 

developments, accompanied by explanations by H. T. Friis, G. C. Southworth, and members of 

their groups. In the photograph above are, left to right, Dr. Southworth, O. B. Blackwell, R. L. 
Jones, Mr. Harrison, Mr. Stoll and A. B. Clark. 
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W. H. Martruies 


Director of Switching Development completed 
forty years of Bell System service on July 20 


V. J. ALBANo visited Forked River and Law- 
renceville, New Jersey, in connection with soil 
and corrosion tests of underground drop wires. 

G. N. Vacca, at the plant of Henry L. Scott 
Company of Providence, discussed the manu- 
facture of machines to test rubber specimens of 
small dimensions. 

G. S. Puipps went to Buffalo on matters per- 
taining to field tests of a new wiping solder. 

W. J. Crarke visited the B. F. Goodrich 
Rubber Company at Akron, Ohio, to confer 
with their engineers on various problems of 
thermo-plastic insulating materials. 

R. M. Burns and F. F. Farnswortu attended 
a meeting of the American Coérdinating Com- 
mittee on Corrosion held at Atlantic City. 

W. E. Campse tt attended a symposium de- 
voted to surface finishes at the Massachusetts 
Institute of Technology. He presented a pre- 
pared discussion on the effect of tarnish and 
absorbed moisture films on friction in the 
boundary lubrication. 

Tue A.S.T.M. MEETING at Atlantic City was 
attended by A. R. Kemp, W. E. Campbell, 
J. H. Ingmanson, V. J. Albano and C. H. Sample. 

K. M. Otsen was in Atlantic City on problems 
of cable sheath. 


liv] 


L. MontTaMaT 


Assistant Vice President completed forty-five 
years of Bell System service on July 1 


A. R. Kemp went to Spartanburg, South 
Carolina, to discuss with a supplier the develop- 
ment of methods for wood-pole preservation. 

QUESTIONS INVOLVING the application of 
Nylon to Bell System insulation uses took A. R. 
Kemp, W. J. Clarke and A. C. Walker to Wil- 
mington, Delaware. 

AT AN ALUMNI Day dinner held in conjunction 
with the commencement exercises at M.LT., 
H. W. Dudley, assisted by C. W. Vadersen, 
presented a lecture-demonstration devoted to 
The Vocoder. 

H. M. Tuomson visited Kearny to discuss 
assembly problems of an adjustable deviation 
equalizer for the type-K carrier system. 

AT THE SUMMER convention of the A.I.E.E., 
held at Swampscott, Massachusetts, from June 
24 to 28, S. B. Ingram presented a paper entitled 
A Decade of Progress of Electronic Means of 
Communication. This was a report of the Sub- 
committee on Electronics which Mr. Ingram 
prepared. During this convention a discussion 
conference was held on the application of statis- 
tical techniques and inspection at which H. F. 
Dodge spoke on Statistical Quality Control. 
W. A. Shewhart acted as one of three discussion 
leaders for this conference. R. G. McCurdy and 
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Pp. W. Blye attended a meeting of the Standards 
Coordinating Committee No. 6 and R. K. 
Honaman and J. M. Dunham a meeting of the 
Transmission and Distribution Committee. 

DurING THE MONTH of July the following 
members of the Laboratories completed twenty 
years of service in the Bell System: 


Research Department 
J. C. Herber R. A. Miller 
George Puller J. R. Wilson 


General Service Department 
Miss Mary A. Mulhern 


Apparatus Development Department 


. C. Baarens D. W. Mathison 
A. Carr K. O. Olson 
. F. Conk Arthur Westenberger 
J. W. Kennard E. B. Wood 
Plant Department 


Thomas McLaughlin 
Systems Development Department 


H. J. Elschner W. A. Phelps 
Gustave Gottron Robert Pope 

C. M. Hebbert E. W. Rahn 

R. W. Hoffmann A. R. Rienstra 

L. M. Ilgenfritz William Trottere 

J. M. Labaugh G. A. Waters 

Albert Lang Miss Anna C. Webbe 
O. R. Miller O. H. Williford 


W. W. WERRING spent two days at the Massa- 
chusetts Institute of Technology attending con- 
ferences devoted to friction and surface quality. 


B. F. Runyon investigated panel-bank con- 
tacts in a Cleveland central office of The Ohio 
Bell Telephone Company. , 

CoRD DESIGN PROBLEMS were discussed at 
Point Breeze by C. A. Webber, W. V. Thompson 
and R. T. Staples. 

W. J. FARMER spent a day at Chester on studies 
of lead cable sheath materials. 

SEVERAL MEMBERS of the materials standards 
group of the Switching Apparatus Development 
Department attended the Forty-Third Annual 
Meeting of the American Society for Testing 
Materials held in Atlantic City from June 24 to 
28. J. R. Townsend discussed a paper by Messrs. 
Moore, Dollins and Craig on Bursting Tests and 
Tension Tests for Lead Cable Sheathing. He also 
presided at the fifth session on Methods of 
Testing and at a meeting of Committee B6 on 
Die-Cast Metals and Alloys at which time a re- 
port of the year’s work was presented. 

W. A. Evans attended meetings of Committee 
Dg on Electrical Insulating Materials and Com- 
mittee D20 on Plastics. He has been reélected 
Secretary of Committee D20 for the next two- 
year period. 

C. H. Greenatt presided at the meeting of 
Committee Bs on Copper and Copper Alloys and 
presented a report of the year’s work which in- 
cluded the presentation of munition specifica- 
tions which were prepared in codperation with 
the War Department. 

W. W. Werarinc presided at the meeting of 
Committee Er on Impact Testing; I. V. Williams 
presided at the meeting of Committee B7 on 


E. B. WHEELER 
of the Transmission Appa- 
ratus Development Depart- 
ment completed thirty-five 
years of service on July 1 
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Tuomas SHAW 
of the Transmission Engi- 
neering Department com- 
pleted thirty-five years of 
service on July 10 


D. T. May 
of the Switching Apparatus 
Development Department 
completed thirty-five years of 
Bell System service on July 1 


[v] 


H. WaGNER C. H. AcHENBACH J. JuLey 


of the Transmission Ap- of the Equipment Develop- of the Switching Development 
paratus Development Depart- ment Department completed Department completed thirty- 
ment completed thirty-five twenty-five years of servicein five years of service in the 
years of service on July 29 _ the Bell System on July 28 Bell System on July 18 


Light Metals and Alloys; G. R. Gohn attended 
meetings of committees on Copper Base Alloys 
for Sand Castings, and on Zinc Base Die-Casting 
Alloys; and K. G. Coutlee meetings of Committee 
Dg on Electrical Insulating Materials and the 
section on Power Factor. 

Ar Centrat Orrices of the New England 
Telephone and Telegraph Company at Lynn and 
Cambridge, D. W. Pitkin, W. W. Seibert and 
E. P. Williams discussed matters pertaining to 
the lubrication of No. 1-type crossbar timers. 

ALBERT TrapupP, Private Branch Exchange 
Engineer of the Switching Engineering Depart- 
ment, completed twenty-five years of service in 
the Bell System on the twenty-third of June. 
After graduating from the University of South 
Dakota with the degree of B.S. in E.E., Mr. 
Tradup joined the Northwestern Bell Telephone 
Company at Minneapolis where, for the next 
five years, he was engaged in the installation and 
maintenance of station, P.B.X., and central 
office equipment. During this time he also pre- 
pared engineering instructions on the training of 
plant personnel, conducted schools for the train- 
ing of these people, and, for a short period in 1918 
was an instructor in telephony at the U. S. Signal 
Corps Army Balloon School at Fort Omaha, 
Nebraska. 

In 1920 Mr. Tradup transferred to the De- 
partment of Development and Research of the 


American Telephone and Telegraph Company to 


engage in formulating the electrical, mechanical 
and physical: requirements for the design of 


[vi] 


private branch exchange switchboard facilities, 
This work involved the development of dial and 
manual private branch exchanges and associated 
equipment located on subscriber premises such 
as wiring plans, key telephone systems and 
intercommunicating systems; the field engineer- 
ing necessary in inaugurating testing and “cut- 
over” procedures in preparation for dial service 
of private branch exchanges in such cities as 
Dallas, Kansas City, Omaha, Chicago, Detroit, 
Atlanta, Hartford and Minneapolis; the re- 
sponsibility of seeing that the finished designed 
and manufactured product met the require- 
ments for furnishing P.B.X. service; and the 
preparation of engineering information used by 
the field engineers in applying these systems to 
telephone subscribers’ needs. When the D and R 
consolidated with the Laboratories in 1934, Mr. 
Tradup continued this work in the Systems De- 
velopment Department. 

Wuen G. F, Suutze received the E.E. degree 
from the University of Missouri in 1915, he 
joined the student course of the Western Electric 
Company at Hawthorne, thus beginning the 
service in the Bell System which reached its 
quarter-century mark on the twenty-first of July. 
Upon the completion of this course, with shop 
training in Hawthorne, engineering at West 
Street, and installation in Philadelphia, Mr. 


Shulze was assigned to the preparation of manu- 
facturing specifications and drawings for central- 


office equipment in the engineering group at 
Hawthorne. Typical of this work were the multi- 
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line service observing equipments for Baltimore 
and Washington and toll-office equipment for 
Washington, and for Maastricht, Holland. In 
1919 he transferred to the analyzation of the 
requirements for manual and toll central offices, 
call and key indicator equipment, toll repeaters 
and testing facilities for toll offices. Four years 
later he went into personnel work at Hawthorne, 
supervising the training of manual central office 
engineers and interviewing and hiring applicants 
for this type of work. 

Late in 1924, Mr. Shulze came to the Equip- 
ment Development Department at West Street 
where his first work consisted in supervising and 
checking all current engineering of manual and 
toll central offices. From 1926 to 1936 he had 
charge of the equipment development of tele- 
phone repeaters, toll-line signaling, transmission 
measuring, program transmission, and pilot wire 
regulation of telephone repeaters. This work, in 
addition to its engineering aspects, involved a 
cost analysis of various proposals. Typical 
examples of this work were an improved voice- 
frequency signaling system for toll lines, pilot- 
wire regulating system with duplicate master 
relays, and transmission of radio programs over 
specially loaded pairs in toll cable. In 1936, Mr. 
Shulze transferred to the carrier group of the 
Equipment Development Department where, in 
general, his work has been of a similar nature but 
confined to the type-J carrier telephone system. 

S. H. Wittarp, who completed a quarter- 
century of service with the Western Electric 
Company and the Laboratories on the ninth of 
June, received a B.S. degree from the University 
of Maine in 1914. He joined the student course of 
the Western Electric Company at Hawthorne in 
1915, obtaining his shop training there, his engi- 
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G. F. Shulze 


neering training in New York, and installation 
training at Philadelphia. Mr. Willard then 
entered the research design group where he was 
particularly concerned with the design of equip- 
ment for use in the various laboratories. He trans- 
ferred to the Building Department early in 1918 
to design and install vacuum tube manufacturing 
equipment. He continued in plant engineering 
work until 1922 when he went to the Radio De- 
velopment Department to take charge of the 
group responsible for the installation of broad- 
casting transmitters throughout the country, this 
being the period when radio broadcasting was 
expanding very rapidly. 

In July, 1923, Mr. Willard returned to the 
Plant Department and soon became assistant 
plant manager. During 1930 and 1931 he was as- 
signed to work on New Jersey plant problems, 
particularly in reference to the then proposed de- 
velopment at Murray Hill. He then was placed in 
charge of plant operation and upon the retirement 
of W. B. Sanford in 1935 became Plant Manager. 

A FIVE-STAR SERVICE EMBLEM signifying the 
completion of twenty-five years of service in the 
Western Electric Company and the Laboratories 
was presented to W. B. Strickler on the seventh 
of July. Mr. Strickler graduated from Pennsyl- 
vania State College in 1915 with the degree of 
B.S. in E.E. following which he immediately 
joined the student course of the Western Electric 
Company, receiving his shop training at Haw- 
thorne, engineering at West Street, and installa- 
tion at Philadelphia. Upon the completion of this 
course he entered the circuit laboratory of the 
Engineering Department, and has since then 
been continuously associated with the design, 
testing and analysis of circuits used with manual, 
private-branch exchange, dial and toll telephone 


S. H. Willard 
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W. B. Strickler 


systems in what is now the Switching Develop- 
ment Department. Mr. Strickler’s first work was 
the laboratory testing of telephone repeaters. 
This was followed by the design and laboratory 
testing of circuits for the 550C, 600C and 605C 
P.B.X.’s and the modification of circuits in 
several P.B.X. systems then in use. 

From 1923 to 1926 Mr. Strickler was engaged 
in the development of the circuits for the B-type 
switchboard associated with the 1F central 
office system and for the straightforward method 
of trunking used between manual offices. He 
then was associated with the application of a 
zone and overtime charging arrangement to 
originating senders of dial systems and the de- 
velopment of the “A” switchboard sender. Since 
1932 Mr. Strickler has been concerned with the 
analysis and laboratory tests of various circuits 
for the crossbar system. For the past four years 
he has been particularly concerned with the 
development of crossbar sender circuits for local 
and toll services. 

ON THE EIGHTH OF JuLy Fred Mezger received 
a five-star emblem signaling his completion of 
twenty-five years of service in the Western 
Electric Company and the Laboratories. He 
joined the Model Shop as a lathehand in 1915. 
At this time we were generating our own power 
and Mr. Mezger soon specialized in the main- 
tenance of much of the generating plant equip- 
ment, being responsible for boring the cylinder 
blocks of the large Corliss engines, turning down 
generator and motor armatures and other lathe 
work as required. 

When the generating plant was discontinued 
in 1926, Mr. Mezger became a group supervisor 
in what is now the Development Shop in charge 
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Fred Mezger 


J. P. Schafer 


of large machine work, such as that performed 
on engine lathes, milling machines, and punch 
presses. Some of the interesting projects with 
which he has been associated include the drive 
mechanism for machine switching systems, ap- 
paratus for sound recording and reproducing 
machines, picture transmission machines, cross- 
bar switches, and machining the edge of the 
copper anode when it is sealed to glass on large 
water-cooled vacuum tubes. 
* 

A FIVE-STAR SERVICE EMBLEM, signifying the 
completion of twenty-five years of service in the 
Bell System, was presented to J. P. Schafer of 
the Deal radio laboratories on the twenty-seventh 
of May. Mr. Schafer joined the Engineering 
Department of the Western Electric Company in 
1915 and for the first year assembled and pumped 
W-type tubes which were used in the radio- 
telephone tests between Arlington and Paris. He 
then transferred to another research group con- 
cerned with the design and development of 
special vacuum tubes and during the World War 
worked on radio-receiver tube problems and 
circuits involved in signaling and communication 
apparatus for the Army and Navy. Following the 
War Mr. Schafer joined the group responsible for 
the development of transmitting equipment for 
transatlantic service and in 1922 went to Rocky 
Point, Long Island, on the installation, testing 
and operation of the 300-kilowatt long-wave 
radio transmitter. When this station went into 
commercial operation for New York to London 
radio-telephone traffic, he acted as Engineer-in- 
Charge for the Long Lines Department. From 
1916 to 1925 Mr. Schafer took evening courses 
at Cooper Union from which he received his B.S. 
in E.E. degree in 1921 and his E.E. degree in 1925. 
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MEMBERS OF THE LABORATORIES TO WHOM COLLEGIATE DEGREES 
WERE AWARDED DuwuRING 1940 


R. H. Badgley B.S. in E.E. Newark Col. of Eng. 
J. H. Beiner B.S. 

H. A. Birdsall M.A. Columbia 

§. Darlington Ph.D. Columbia 

0.0. Gruenz, Jr. B.E.E. Brooklyn Poly. 

A. Hartmann B.E.E. C.C.N.¥. 

G. J. Herbert B.S. C.C.N-Y. 

W. H. Hewitt, Jr. B.E.E. Brooklyn Poly. 
L.H. Hofmann M.S. in E.E. Columbia 


J. Jacobsen B.M.E. C.C.N.Y. 

J. Maurushat, Jr. M.S.in E.E. Brooklyn Poly. 
H. J. McSkimin M.S.in Phy. New York Univ. 
J. F. Middleton B.M.E. Cooper Union 


B. M. Oliver Ph.D. Cal. Tech. 

W. G. Pfann B.Ch.E. Cooper Union 
W. F. Simpson LL.B. Fordham 

A. R. Soffel A.B. New York Univ. 
E. G. Walsh B.Ch.E. Cooper Union 


Since 1928 Mr. Schafer has been located at the 
Deal radio laboratories where he has worked on 
various short-wave radio projects. Much of his 
time has been spent on a study of the propagation 
of radio waves through the upper atmosphere, 
or ionosphere, and in this connection has pub- 
lished numerous articles. More recently he has 
also been associated with the design and de- 
velopment of high-power short-wave  trans- 
mitters. At various times during the last twelve 
years he has also been called in on long-wave 
projects, particularly for changes and improve- 
ments in the Rocky Point transmitter. In addi- 
tion to his research work, Mr. Schafer is Safety 
Engineer at Deal and also in charge of the group 
responsible for operation and maintenance of the 
Deal shops, plant and grounds. 

I. E. Cote, who completed twenty-five years 

of service in the Bell System on June 30, gradu- 


F. Wracc 


E. C. WecMan 


ated from Cornell University in 1915 with the 
degree of M.E. with certificate in E.E. He im- 
mediately joined the student course of the West- 
ern Electric Company at Hawthorne where he 
had his shop training but came to West Street 
for the engineering part. Mr. Cole then entered 
the telephone protection group of the Engineering 
Department where he had an active part in the 
development of the porcelain-type protector 
block. In connection with this work he became 
expert in the use of oscillographs and since then 
has been closely associated with their design, con- 
struction and application. During the World 
War he was assigned to the Nahant, Massa- 
chusetts, experimental station with a group 
working under the auspices of the National Re- 
search Council on problems concerned with 
submarine detection. 

Late in 1918 Mr. Cole returned to the tele- 
phone protection group at West Street and con- 
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I. E. Cole 


tinued his work on protector blocks. Two years 
later he was placed in charge of a group engaged 
in developing and testing protection apparatus 
and systems and took an active part in field tests 
and laboratory studies of inductive interference 
from power lines paralleling telephone lines. 
During this time he developed a long-record at- 
tachment for the laboratory oscillographs with 
which the oscillograms were taken on bromide 
paper instead of on film. He also supervised the 
purchase of precision-measuring machines and 
the establishment of length standards for the 
Laboratories and the purchase and installation of 
a Dufour cathode-ray oscillograph; and de- 
veloped the technique for its use in the study of 
protection problems. In 1929 Mr. Cole trans- 
ferred to what is now the Circuit Research De- 
partment where he was placed in charge of the 
development of an automatic developing oscillo- 
graph with an amplitude-frequency characteristic 
flat to 3,000 cycles or higher. This work resulted 
in the rapid-record oscillograph, many of which 
are now in use throughout the Laboratories. 
Following this he was associated with the de- 
velopment of a transmitting amplifier and 
terminal apparatus for transoceanic telephone 
cables; voice and tone-operated level-adjusting 
and recording devices; a light valve for use in 
picture transmission; and a cathode-ray oscillo- 
graph and high-frequency amplifier for contact 
studies. Mr..Cole is at present engaged in the 
development of various voice-controlled circuits. 
= 

A FIVE-STAR SERVICE BUTTON, emblematic of 
twenty-five years of service in the Western Elec- 
tric Company and the Laboratories, was con- 
ferred on J. F. Jessich on the fifteenth of July. 
Mr. Jessich joined the Patent Department of the 
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J. F. Jessich 


Western Electric Company in 
1915 and for two and a half 
years was a draftsman. He then 
went to Camp Dix where he 
served in the Reconnaissance 
Section of the U. S. Army, 
Going to France he was as. 
signed to locomotive construc. 
tion work and to repair shops 
in Paris and Nevers. He te. 
turned to the Patent Depart. 
ment but soon transferred to 
the Apparatus Development 
Department as a draftsman, 
He worked on_ subscriber. 
station apparatus, public ad. 
dress systems, teletypewriters, 
and onvarious circuit drawings. 

In 1921 Mr. Jessich trans- 
ferred to the Specifications 
group of the Engineering De- 
partment as an engineer writ- 
ing manufacturing specifications of substation 
apparatus, public address systems and trans- 
mission testing apparatus. Six years later he 
went to the substation apparatus group of 
the Telephone Apparatus Department where 
he became associated with the design and 
development of transmitters, receivers, telephone 
booths, magneto generators, hand telephone sets 
and other substation apparatus. He also checked 
information for Bell System Practices covering 
this type of equipment. Since 1932 Mr. Jessich 
has been in the repaired apparatus group of what 
is now the Transmission Apparatus Development 
Department writing Bell System Practices for 
the recovery, repair and maintenance of sub- 
scribers’ sets, ringers, switchhooks, key equip- 
ments, order turrets and wiring plans. Mr. Jessich 
graduated from Newark Technical School in 1917 
and then, following the war, took evening courses 
at Cooper Union, receiving a B.S. degree in 1923. 

C. H. WHeEE eR visited the Oakland and 
Lafayette central offices of the Illinois Bell Tele- 
phone Company in Chicago to observe the opera- 
tion of line relays. 

L. N. Hampton, at the General Electric Com- 
pany, Pittsfield, Massachusetts, discussed elec- 
trically heated soldering coppers. 

Mr. Hampton and R. V. Terry went to the 
Albany offices of the New York Telephone Com- 
pany in connection with rocking-tube mercury 
interrupters. 

R. H. Cottey attended the Executive Com- 
mittee meeting of the American Wood-Preservers’ 
Association held recently in Madison, Wisconsin. 
He also continued the study of full-length shaving 
and creosoting of western red-cedar poles that is 
being undertaken at Minneapolis... 
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C. D. Hocker and R. H. Cottey, at Spartan- 
burg, South Carolina, investigated commercial 
scale experimental treatments with green-salt of 
several species of poles. 

J. A. Carr visited Pittsburgh on June 19 and 
20 to observe the lashed cable construction work 
being done in the Western Division of The Bell 
Telephone Company of Pennsylvania. 

DurING THE MONTH of June patents were 
issued to the following members of the Lab- 
oratories: 


H. M. Bascom T. G. Kinsley 
D. G. Blattner W. A. Knoop 
W. L. Bond W. P. Mason 
W. W. Carpenter W. H. Matthies 
R. S. Caruthers O. S. A. Mesch 
D. H. Gleason A. C. Powell 
M. S. Howley A. M. Skellett 
F. A. Hoyt J. M. West 

F. A. Hubbard A. H. White 

L. S. Hulin S. B. Williams 


PREVIOUS TO THE TELEVISION broadcast of the 
National Republican Convention, J. G. Brearley, 
T. A. Durkin and D. T. Sharpe inspected the 
coaxial cable on the route between New York 
and Philadelphia. 

INSTALLATIONS of multiple drop-wire in the 
vicinity of Spring Lake, New Jersey, were in- 
spected by E. J. Bonnesen, J. A. Carr and W. J. 
Lally. They were accompanied by R. M. Ran- 
dolph of the New Jersey Company. 


A CONFERENCE on toll-cable development work 
and the improvement of high-frequency crosstalk 
testing equipment brought O. S. Markuson, 
J. W. Kennard and A. S. Windeler of the Lab- 
oratories organization that is located at Point 
Breeze to New York. 

R. P. AsHsaucu and A. G. HALt visited Point 
Breeze to discuss the manufacture of a new type 
of sheathing for buried cable. S. C. Cawthon 
spent two weeks at Point Breeze to obtain 
physical data on these cables. 

At Cuester, R. A. Haislip, W. E. Mougey 
and A. L. Fox, with other Laboratories engineers 
and representatives of the A. T. & T. and the New 
Jersey Bell Telephone Company, observed plow- 
ing in and other handling tests on new types of 
sheathing and protective coverings for buried 
and duct cable installations. 

W. E. Moucey was in Wisconsin with J. W. 
Creasey and C. G. Sinclair, Jr., of the A. T. & T. 
to observe the progress of the work in installing 
the coaxial cable between Stevens Point and 
Minneapolis. 

A. R. Bonorpen and M. R. Purvis were in 
Dayton from June 3 to 7 to train Long Lines 
Plant engineers in preparation for cutover of the 
No. 1 telegraph service board. 

G. J. KNanpex was in Dayton from June 24 to 
28 to train Long Lines and Associated Company 
engineers in the theory of operation of the No. 
101A line concentrating unit. — 


H. T. Friis, F. B. Jewett, R. L. Jones and M. J. Kelly discuss recent radio developments as 
they rest and lunch at the Holmdel laboratory 
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J. T. Tortan visited the 
Boston toll office to supervise 
the installation of some trial 
equipment of the type-K car- 
rier-telephone system between 
New York and Boston. 

W. T. SERMEvs went to the 
Detroit toll office to supervise 
the installation of a telephone 
conference system between 
New York and Detroit. 

J. J. Burke made a trip to 
Princeton where he supervised 
the installation of power pilot 
supply and alarm equipment 
for the coaxial trial. 

C. Just, who re- 
tired from the Laboratories in 
1933 after forty years of serv- 
ice, died on June 27. Mr. Just 
joined the Thames Street 
shops of the Western Electric Company in 1892 
where he engaged in the manufacture of con- 
densers, transmitters and receivers. When these 
shops moved to West Street he soon became 
foreman in charge of desk-stand assembly. Dur- 
ing the war vacuum-tube manufacture increased 
rapidly and Mr. Just entered the Tube Shop to 
supervise construction and continued after the 
war as foreman in charge of tube assembly. 

+ * * 

F. T. Forster visited the factory of the Gould 
Storage Battery Corporation at Buffalo. He also 
inspected the installation of rubber-tank bat- 
teries at Providence. 

In CONNECTION with the introduction of cross- 
bar equipment in new areas, E. W. Hancock 
and T. A. McDermott spent the month in 
Chicago; W. J. LaCerte spent one week in 
Washington and three in Chicago; O. H. Williford, 
two weeks in Cincinnati and one in Cleveland; 
and R. E. Hersey made two visits to Boston. 


W. C. Just, 1875-1940 


C. H. Gorman andjjJ. 
SHUHART have completed 
measurements of carrier-fre. 
quency crosstalk on the Mem. 
phis-Little Rock line and have 
returned to New York. 

C. M. Morris and W. B. 
Mosuer were in LaPlata and 
Federalsburg, Maryland, for 
tests of the balance of step-by- 
step office apparatus. 

R. M. HAawEKorTreE took part 
in a codperative investigation 
of power-system wave shape 
and telephone circuit noise sit- 
uations in the vicinity of Char. 
lottesville, Wytheville and 
Roanoke, Virginia, and Pine. 
ville, West Virginia. He was 
accompanied by H. W. Wahl- 
quist of the Edison Electric 
Institute. 

R. K. Honaman and D. T. Oscoop were in 
Washington on June 1g to discuss problems in 
connection with rural power distribution circuits, 

D. T. Oscoop and E. H. Gison recently 
visited Eau Claire, Wisconsin, in connection with 
automatic oscillograph installations for the study 
of low-frequency inductive effects on coaxial 
cable. Mr. Gilson also visited Durham, North 
Carolina; Salina, Kansas, and Albuquerque, New 
Mexico, for the purpose of installing or inspecting 
automatic oscillographs at those locations. 

A SERIES OF MEASUREMENTS in connection with 
type-K system crosstalk problems in a section of 
the Cincinnati-Macon cable and on repeater 
sections between Hartford and Providence on 
the New York-Boston route was made by H. B. 
Noyes, H. W. Evans and E. S. Wilcox. 

CROSSTALK MEASUREMENTS on the _ type-K 
carrier system between New York and Boston 
were made by L. Hochgraf, F. W. Amberg and 
Miss E. M. Rentrop at the unattended auxiliary 


MEMBERS OF THE LABORATORIES WHo Have BEEN ENROLLED IN THE TELEPHONE 
PIONEERS OF AMERICA DuRING THE SECOND QUARTER OF 1940 


Agterberg, J. L. 
Baker, H. W. 
Bandura, Michael 
Beach, W. C. 


Fairlamb, P. B. 
Gittenberger, Charles 
Given, F. J. 

Green, C. W. 


Irvine, F. S. Ronci, V. L. 
Jacobitti, Edward Rupp, William 
Jones, P. F. Santry, E. J. 


Kilgallen, J. D. Siegmund, H. O. 


Bogart, H. H. Haege, Miss Julia Kuntz, F. A. Solan, Thomas 

Browne, B. O. Hasbrouck, E. H. Long, M. B. Vieth, L. 

Cesareo, O. Hemmer, C. M. Mann, D. H. Welch, P. V. 

Coker, Herbert Hoffman, Miss Lillian S. Midtgardt, Miss Mary Wentz, J. F. 

Colbath, F. G. Hogan, A. L. Messer, Lawrence Whittle, H. 

Crosby, H. E. Hoyle, H. O’Donnell, Miss Bessie Wolff, George 

Drake, W. A. Hysko, J. L. O'Farrell, James Zinn, M. K. 

Eagon, L. L. 

[xii] August 1940 


. 
| 


station south of Hartford. Mr. Hochgraf, with 
the assistance of Long Lines engineers, also made 
atrial of crosstalk balancing on type-K cable pairs 
on the New York-Charlotte route. The trial was 
carried on in the section of cable between the un- 
attended auxiliary station south of Greensboro 
and the similar station north of Salisbury. 

VARIOUS CROSSTALK investigations of type-K 
systems were made at Morristown by L. Hoch- 
graf, F. W. Amberg, H. W. Evans and E. S. 
Wilcox. 

A. A. HEBERLEIN visited the Southfields (New 
York) repeater station in connection with vacuum 
tube trials. 

DuRING THE MONTH of June preparations for, 
and actual transmission of, television from the 
National Republican Convention at Philadelphia 
to Radio City in New York occupied the time of a 
considerable number of people. The coaxial sys- 
tem itself between Philadelphia and New York 
was operated and maintained by C. F. Boeck, 
M. M. Bower, M. M. Jones, B. H. Nordstrom, 
W. H. Tidd and N. C. Youngstrom. Special 
measurements used in adjusting 
the phase and delay characteris- 


O. R. GarFIELp spent a day at Reading, Penn- 
sylvania, where he modified a two-wire echo 
suppressor designed to improve breaking condi- 
tions on these circuits. 


Directive 
ANTENNA 

Two puases of the development of a high-gain 
ultra-high-frequency antenna at the Deal radio 
laboratory are shown in the photograph below 
and in the one on page i of this section. The 
antenna is composed of an arrangement of 48 
half-wave tubular elements so connected and 
placed that reinforcement of field in one direc- 
tion and suppression in other directions is pro- 
duced. Being designed for operation at 136 
megacycles or a wavelength of 2.2 meters, the 
elements are little longer than yardsticks, yet a 
gain of 16 db is realized. After the frame is 
assembled on the ground the copper tubing is 
mounted on insulators and the complete antenna 
can be picked up by a small derrick on a truck 
and carried to the steel tower or turntable for 


tics were made by K. E. Gould 
and G. R. Frantz. The carrier 
equipment used for modulating 
and demodulating the television 
signals at New York and Phila- 
delphia was assembled and ad- 
justed under the direction of C. L. 
Weis by L. W. Morrison, J. R. 
Brady, H. C. Hey, A. R. Kold- 


ing, A. F. Mott and R. J. Shank. 
Provision of the television cir- 
cuits using telephone cables in 
Philadelphia and in New York 
was handled under the direction — 
of J. F. Wentz by K. E. Gould, © / 
G. R. Frantz and F. A. Morris. i: 
Provision of the intermediate / 
amplifiers and operation of the / 
video circuits were handled by y 
C. N. Nebel, D. S. Barlow, S. T. 
Brewer and R. M. Pease. The 
program circuit associated with 
the video transmission and the 
pilot current supply circuits at 
Philadelphia were handled by 
J. P. Radcliff. 
T. Oparenko and G. B. 
ENGELHARDT spent a few days at 
Point Breeze making impedance 
measurements on coaxial cables. 
TRANSMISSION STUDIES on sam- a 
ple lengths of coaxial cable of 
recent manufacture were made 
by I. G. Wilson, J. B. Maggio and 
J. O. Edson at Point Breeze. 
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A steady stream of waves is directed at this ultra-high- 
frequency antenna while it rotates on a turntable 
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testing. The turntable shown on page xiii is 
for rotating the antenna while a steady stream of 
waves is being fired at it from one direction. The 
radiation pattern or directional characteristic is 
thus determined. The view of the tower (page 1) 
shows the set-up for measuring crosstalk between 
transmitting and receiving antennas at various 
separations. 

MemBERS OF THE LaBoraTories ‘who visited 
the Western Electric Company at Hawthorne 
included R. R. Williams and C. S. Fuller who 
discussed the use of thermo-plastics on station 
apparatus and problems of enameled wire; F. S. 
Malm and G. G. Winspear, the development of 
cable-jacketing materials; H. A. Frederick, H. O. 
Siegmund, J. J. Kuhn and J. R. Townsend, step- 
by-step apparatus and related problems; J. R. 
Fry and F. A. Zupa, “U” and “Y” relay develop- 
ments; H. M. Stoller and E. R. Morton, line 
relay studies; F. J. Redmond, a new design of 


crossbar switch; H. B. Smith, adjustment of 
crossbar switches; J. A. Kater, quality survey on 
step-by-step switches; I. V. Williams, heat treat. 
ment of steels; and L. N. Hampton and G. G, 
Smith, mercury interrupters, hand-ringing gen. 
erators and miscellaneous apparatus. On another 
trip to Hawthorne Mr. Townsend also discussed 
with various groups of engineers, phenol fibre 
silver contacts, enameled wire, copper wire, lead 
calcium cable, and plastics. 

W. M. BisHop inspected the experimental 
underground repeater housings that have been 
installed along the Minneapolis-Stevens Point 
coaxial cable right-of-way. 

Durinc June, H. A. Flammer made trips to 
Philadelphia, Albany, and Trenton in connection 
with patent matters. 

Miss Mary C. Brarnarp of the Personnel De. 
partment spoke to students of Leonia High School 
at their Career Day Program, May 9, on Prepara- 
tion for Obtaining Employment in Clerical Fields, 


THe New REsTAURANT 
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On a warm day the cold watermelons in this refriger- 
ator look inviting to Elsie Burger, Ethel Walker, 
Laura Arata, Charlotte Papillon and Frieda Schulz 


C. P. Zittere demonstrates the action of a julienne 
potato cutter to N. O. Rae and W. Stanewicz 
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Dr. C. A. O'Malley and Dr. J. 8S. Waterman of the 
Medical Department explain to H. W. Bode, E. J. 
Santry and J. 8. Edwards the molecular structure 
of Vitamin B,, which is shown inlaid in the linoleum 
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Upper left, J. W. Hahn, left, discusses the buying 
of food with F. E. Dorlon. Miss Jane Brett, 
writing, is in charge of food preparation and service 


Upper right, W. R. Fahringer investigates the path 
of air currents from the air-conditioning system to 
avoid objectionable drafts 


During the inspection period, W. Wissel (left) vol. 
unteers a description of some of the kitchen equipment 


L. Montamat, G. B. Thomas, G. H. Bogart and 
O. B. Blackwell in the service dining room of the 
restaurant on the opening day 


Virginia Varca, Thelma Trimn and Harriet 
Toomey unpacking the new supply of plates 
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A Loud-Speaking Telephone System 


By ALFRED HERCKMANS 
Station Instrumentalities 


E 2-A Key Telephone Sys- 
tem has been recently devel- 
oped as an adjunct to regular 

telephone service to provide direct 
intercommunication by means of a 
loud speaker and distant talking tele- 
phone set at one end of the circuit and 
a regular handset at the other end. 
With this arrangement an executive, 
for example, may talk with his secre- 
tary as if she were across the desk 
from him. 

The major part of the apparatus at 
the master station is housed in the 
small cabinet shown in the photo- 
graph at the head of this article. This 
is called the 321 telephone set. It is de- 
signed for setting on the desk at some 
convenient place in front of the user, 
and is operated by the three-position 
switch at the lower right. A similar 
switch at the lower left provides vol- 
ume adjustment for the loud speaker, 
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but requires only occasional adjust- 
ment. Both loud speaker and micro- 
phone are behind the grill work. An 
amplifier is required in addition to 
this cabinet, and is arranged in a box 
that may be mounted beneath the 
desk or elsewhere as desired. A regular 
telephone, or one normally provided 
for main station or P.B.X. service, 
may be arranged for alternative use 
with the loud-speaker-microphone set, 
when for privacy reasons the loud- 
speaking feature is not wanted. The 
circuit arrangement of the system is 
shown in Figure 1. 

The master station calls the secon- 
dary station by operating the control 
switch to the non-locking signal posi- 
tion, which sounds a buzzer at the 
secondary station. The switch returns 
to the talk position when released, and 
when the handset at the secondary 
station is lifted, relay c at the master 
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station is operated. This relay re- 
moves a short-circuit across the input 
to the amplifier, and as soon as the 
switch is turned to the talk position, 
connects battery to the microphone, 
a 638A transmitter, and lights the 
lamp. The secondary station calls by 
operating a key to sound a buzzer at 
the master station. The rest of the 
operation is the same as when the 
master station calls. 

The provision of such a set has been 
difficult because of the inherent likeli- 
hood of “‘singing” in any arrangement 
of this sort. Whenever a microphone 
and receiver are closely associated, 
through being connected to the same 
circuit and having an acoustic cou- 
pling path between them, sustained 
oscillations called “‘singing” are apt 


to be set up because of the inherent 
gain of the microphone. Any acoustic 
output from the receiver is picked u 
by the microphone, amplified, and re. 
turned to the receiver through the 
electrical coupling. Whenever the gain 
of the microphone is greater than the 
loss around this closed path, there is 
usually a rapid building up of the 
volume that makes the set inopera- 
tive. Such a singing condition is a 
potential possibility in any telephone 
set, but where a loud speaker with an 
additional amplifier is used, its avoid- 
ance is very difficult. 

Such singing can be avoided by 
keeping the path to either the receiver 
or transmitter open at all times—the 
receiver being opened during trans- 
mission, and the transmitter during 


SECONDARY 
4 321 TELEPHONE SET 
| | | 
| | | NETWORK __ | 
2 
! TELEPHONE | | HYBRID | COIL | + | BUZZER | 
| 
| a SIGNAL | 
| | TALK | 
| BUZZER | BATTERY BATTERY 
Do SUPPLY SUPPLY | 
= CIRCUIT CIRCUIT | 
7 MEDIUM | | 
| L rid | 
| | 
TO PRIVATE BRANCH 
SET BATTERY 
LINE a= SUPPLY 
105-125 VOLTS 
AC OR DC 


Fig. 1—Schematic of the 321 telephone set with associated amplifier and hand telephone 
set together with the telephone set and buzzer at the secondary station 
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reception. This may be done man- 
ually with a “‘press-to-talk” switch, 
or automatically with a voice-oper- 
ated relay, and loud-speaking sets in- 
corporating this feature have been 
developed and used. Such sets are 
spoken of as being of the “‘variable” 
type, transmission being in only one 
direction at a time, while the new 
321 set is of the “‘in- 

variable’ type, re- 

quiring no switching 

operations during a souno 


. LEVEL AT 
connection. Its suc- pecewer 
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phone set is designed for use with a 
very short line, the balancing network 
used simulates the impedance of a 
short line terminated in a subscriber 
set. A loss of about 17 db has been ob- 
tained across the hybrid coil from 
transmitter to receiver. 

Since the user will ordinarily be 
about three feet from the loud 
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<—70 
SIDE- 


cessful development <2 o¢ 


100 100 
has required very care- HYBRID BALANCING 
ful attention to a num- 
ber of factors. 
The important re- — _—] 
quirement of an “‘in- 


variable” set is that 
there be a large loss 
around the local cir- 
cuit from receiver to microphone and 
back to receiver that does not affect 
either the transmitting or receiving 
paths alone. This loss is secured to a 
considerable extent by the hybrid 
coil that electrically couples the 
microphone and receiver to the line. 
It is indicated in the upper left of 
Figure 1. Speech energy from the 
secondary station passes readily 
through the bridged connection to the 
amplifier, some of it reaching the 
coupled microphone circuit. Speech 
energy from the microphone, on the 
other hand, passes readily to the out- 
going circuit through the coupling of 
the hybrid coil, but very little of it 
passes through the bridged connection 
to the amplifier and loud speaker. 
Associated with the hybrid coil is a 
balancing network which should have 
an impedance the same as that of the 
line, and the effectiveness of the coil 
largely depends on the accuracy of 
this balance. Because the 321 tele- 
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Fig. 2—Speech power distribution when master station is 
talking. Numbers over arrows indicate sound levels 


speaker and microphone, the output 
of the loud speaker must be relatively 
large, while for the same reason the 
microphone must be sensitive enough 
to act on relatively small inputs. Since 
the loud speaker is physically very 
near the microphone, the likelihood 
of singing is greatly increased by this 
discrepancy in normal operating 
levels. A satisfactory solution can be 
obtained only by a careful correlation 
of the efficiencies and losses of every 
element that enters into the circuit, 
and by a careful arrangement of the 
relative positions of loud speaker 
and microphone. 

The net gain around the local cir- 
cuit is not the same at all frequencies, 
generally having pronounced peaks, 
and it is at these peak frequencies that 
singing occurs. It is this fact that 
makes careful positioning of the in- 
struments important. The output of 
the loud speaker does not travel 
equally in all directions at all fre- 
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quencies. The higher frequencies are 
projected for the most part straight 
ahead, and only the low frequencies 
have sufficient energy at wide angles 
to produce singing. By facing the 
microphone and loud speaker in the 
same direction, therefore, the danger 
of the system singing at high frequen- 
cies can be considerably decreased. 


speaker have been adjusted so that at 
the frequencies at which singin 
would be most likely to occur, the 
delay is such as to approach an out. 
of-phase condition at the loud speaker, 
The acoustic and electrical levels 
at various points of the circuit when 
the master station is talking are indi- 
cated in Figure 2. The acoustic levels 
are in terms of sound 


a ged level in db above 107 


LEVEL AT 


223 TRANSMITTER watts per square cm., 

and the electrical levels 

— are in db above 10% 

souno level represents the 
ao FRMigu total energy in the cir- 
{SOUND — — J cuit, while the sound 
TRANSMITTER level represents the in- 


Fig. 3—Speech power distribution when secondary station ts 
talking. Numbers over arrows indicate sound levels 


Singing will occur, of course, only at 
a frequency at which the returned 
current is in phase with the directly 
transmitted current at the micro- 
phone. If the current returned by the 
microphone reaches the loud speaker 
terminals in phase opposition to the 
originating current at this point, for 
example, there will be a reduction 
rather than an increase in output 
volume at the particular frequency. 
This phase relation, of course, depends 
on the delay in the circulating path, 
which is partly electrical and partly 
due to the transit time of sound 
waves from loud speaker to micro- 
phone, which varies with the length 
of path. By moving the loud speaker, 
or microphone, inward or outward 
with respect to the front of the cabi- 
net, the length of path may be 
changed. Advantage has been taken 
of this fact in the 321 set to greatly 
reduce the danger of singing. The 
positions of microphone and loud 
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tensity of energy. It is 
assumed that with the 
speaker three feet from 
the microphone and 
speech at ordinary conversational 
level, the sound level at the micro- 
phone will be 70 db. After passing 
through the microphone, this be- 
comes 104 db in electrical units at the 
input to the hybrid coil. On the 
branch going to the line, there is a 
4-db loss, giving 100 db on the line, 
and another 4 db through the coil at 
the secondary station, giving 96 db 
to the handset receiver. The equiva- 
lent sound level at the output of the 
receiver is 76 db, which is ample for 
good reception. 

In the singing path across the hy- 
brid coil to the loud-speaker branch, 
the loss of 17 db results in a level of 
87 db. This is increased to115 db by the 
amplifier, and, after passing through 
the loud speaker, results in an audible 
acoustic level at the ear of the speaker. 
Since he is talking at a considerably 
higher level, however, this is merely a 
hearing of his own voice at consider- 
ably reduced level and is impercep- 
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tible. Because of the control of the 
length of the path between loud 
speaker and microphone, and_ the 
directional characteristics of the loud 
speaker, the level at the microphone 
of this returned sound is 8 db below 
the directly received sound that pro- 
duced it. Around this singing path 
there is thus an 8-db net loss instead 
of a gain, and singing will not occur. 

An equivalent diagram giving the 
conditions when the secondary sta- 
tion is transmitting is shown in Fig- 
ure 3. Because of the closeness of the 
mouth to the handset transmitter, the 
electrical level is 122. With 4-db loss 
through the hybrid coil of the secon- 
dary station, this becomes 118 db on 
the line, 18 db higher than for the 
other direction of transmission. A 4-db 


loss through the hybrid coil of the 321 
set gives 114 db to the amplifier, and 
the 28-db gain of the amplifier gives 
142 db to the loud speaker. This re- 
sults in 77-db acoustic level at the 
listener’s ear. 

With any such loud-speaking sys- 
tem, the signal-to-noise ratio is al- 
ways less for the direction of trans- 
mission of Figure 2, than for the other 
direction, because of the greater 
distance of the mouth from the micro- 
phone, and thus the lower level of the 
speech at the microphone in relation 
to the entering noise. Under ordinary 
room noise conditions, however, the 
transmission from master to secon- 
dary is about equivalent to that ob- 
tained with the latest type telephone 
sets over a long telephone connection. 


T. F. Osmer, using a vibrometer, observes the effect of the operation of a nearby elevator 
rod on the relative motion between a brush on a stationary rod and its terminal. Simul- 
taneously the noise generated by this relative motion is also measured 
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Crosstalk Balancing in the J-Carrier System 


By H. B. NOYES 
Interference Prevention 


HE type-J carrier system is with other open-wire circuits. The 

designed for open-wire lines, frequencies employed by the J system, 

and line crosstalk is held to running up to 143 ke, are much higher 
satisfactory values chiefly by trans- than such cables have been required 
positions.* To bring the open-wire to carry before. Twenty-eight kilo- 
circuits into repeater and terminal cycles, the top frequency of the type-C 
stations, however, and for certain carrier system, was the highest pre- 
river crossings, cable is employed as_ vious frequency except for the type-K 
~ *Recorp, January, 1940, p. 153. cable system. Since far-end crosstalk 
coupling increases almost di- 
rectly with frequency, the 
coupling for the J system is 
over five times that for the C 
system. It was necessary, 
therefore, to take steps to re- 
duce crosstalk on these inci- 
dental cables. 

Three different types of in- 
cidental cables are employed. 
In many cases it is economical 
to use the existing voice-fre- 
quency cable. With such cable, 
the crosstalk at carrier fre- 
quencies is so high that special 
measures are required to re- 
duce it. The other two types 
of cables used for new instal- 
lations are of a special type. 
One is a cable containing 
large-gauge paper-insulated 
conductors with a shield be- 
tween layers. Although the 
crosstalk in such a cable is 
less than for the usual toll- 
Fig. 1—Ninety-one balancing condensers are €ntrance cable, it is not low 
mounted together for balancing fourteen J-carrier enough to be satisfactory at 
pairs. The white powder in the bottom of the case is a J -carrier frequencies without 
desiccant used while balancing cable. After balanc- correction. The other employs 
ing has been completed, new desiccant is placed in a spiraled disc-insulated 

cotton sleeving and hung in the cabinet shielded-quad _ construction. 
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This gives negligible crosstalk be- 
tween the shielded units under most 
conditions, but frequently it is neces- 
sary to obtain some further reduction 
in the crosstalk between the two sides 
of the same quad. For all of these 
cables, it appeared that the desired 
improvement could be obtained by 
the use of crosstalk balancing, which 
had been employed 
with considerable ef- 
fectiveness in cables for 


ENTRANCE OR 
INTERMEDIATE CABLE 


tem all has the same size of conductor, 
and thus one design of coil is sufficient 
while the conductors of existing inci- 
dental cables used with type-J system 
vary in size, and for each size of wire 
a different balancing coil would have 
to be developed in order to obtain 
optimum results, and this would add 
appreciably to the cost. 


the type-K system.* 
There are differences 
between the require- pon 
ments affecting these | 
latter cables and the L BALANCING | 
incidental cable used (000) DENSER SD 
with the J system, | 
however, that affect 3] . 
the type of balancing 
to be employed. 4 
Crosstalk takes place ‘NeTwo’ ADMITTANCE UNBALANCE BRIDGE 


NETWORK 


through both the in- 
ductive and capacitive 
coupling between the 
pairs of the cable, and 
thus both a coil and condenser must 
be used for most effective balancing. 
Which form is the more effective 
when used alone will depend primarily 
on the ratio of inductive to capacitive 
coupling. With the cables used with 
the K system, more effective balanc- 
ing can be obtained with a coil, and 
for this reason, coil-type balancing 
was employed. This would also be 
true of the types of existing cable that 
will be used for the J system, if the 
J pairs were selected at random. 

For optimum results, inductive 
coupling must be balanced with a 
rather complicated mutual impedance 
whose design depends on the wire size, 
and thus a different design of coil is, 
in general, required for each wire size. 
The cable used with the type-K sys- 

*Recorp, Feb., 1939, p. 185. 
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Fig. 2—Simplified schematic diagram showing method of 


measuring crosstalk 


Capacitive coupling, on the other 
hand, can be balanced with a simple 
condenser, and since for J-system 
applications it is practicable to select a 
few pairs from a number of spare pairs 
for carrier operation, it seemed better 
to employ a simple condenser balanc- 
ing, providing satisfactory results 
could be obtained. 

Both the amount and type of cou- 
pling varies from pair to pair. To use 
condenser balancing alone, and obtain 
satisfactory results, it is necessary to 
measure the coupling between avail- 
able spare pairs in the cable and to 
select those pairs with the lowest in- 
ductive coupling, that is those pairs 
that can be balanced best with a con- 
denser. Since a simple condenser 
rather than a variety of mutual im- 
pedances depending on the wire size 
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can be used for balancing, and since 
condenser balancing is inherently less 
expensive for the type-J system than 
the coil balancing, a twofold gain is 
realized as a result. 

For these reasons, capacitance bal- 
ancing was adopted for the incidental 
cables over which J systems are 
routed. The capacitance used is formed 
by winding a pair of wires on a small 
spool, and is adjusted by unwinding 
and cutting off wire until the desired 
amount of capacitance is secured. On 
many lines, not more than fourteen 


Fig. 3—A terminal loading unit for disc-insulated 
cable showing balancing condenser mounted on upper 


part of the terminal plate 


pairs are expected to be used for J 
carrier, and gI condensers are re- 
quired to balance fourteen pairs if 
each must be balanced against all the 
others. These are mounted in a metal 
cabinet containing a desiccant as 
shown in Figure 1. Each of the spool- 
type condensers screws onto a threaded 
stud, and adjacent to each stud are 
two pairs of soldering lugs by which 
the condenser wires are connected to 
the various pairs. 

The first step in balancing an exist- 
ing cable is to measure the crosstalk 
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between available spare pairs so that 
the more suitable ones may be ge. 
lected. This measurement is made 
with an admittance-unbalance bridge 
shown in simplified form in Figure 2, At 
one end of the cable an oscillator is con- 
nected to one pair, A, which will be 
the disturbing pair, and a terminatin 
network, zo, is connected to another 
pair, B, which will be the disturbed 
pair. At the other end of the cable 
these pairs are connected to the ad- 
mittance-unbalance bridge—the dis- 
turbing pair to the input, and the 
disturbed pair to the output. 
Crosstalk is induced in the 
disturbed pair through the in- 
ductive and capacitive un- 
balance coupling indicated by 
the coil L and the condenser c. 
The bridge is then adjusted 
until the voltage at the bridge, 
coming from pair A and at- 
tenuated by the bridge, is 
equal and opposite to the 
crosstalk voltage from pair B, 
as indicated by no tone in the 
detector. The terminating net- 
work zo on pair B, and an 
4 equivalent impedance, z1 in 
parallel with the bridge, at the 
other end of pair a, terminate 
the lines in their characteristic 
impedances in order that no 
reflections will occur. 

The reading of the bridge settings 
after adjustment gives not only the 
amount of crosstalk, but the phase of 
the crosstalk, and thus indicates to 
what degree it may be reduced by a 
condenser. After all available pairs 
have been measured, the required 
number is selected from those having 
crosstalk that can be best corrected 
by condenser balancing. Two meas- 
urements are made on each combi- 
nation, using pair a first as the 
disturbing pair and pair B as the dis- 


August 1940 


j 
| 


turbed, then pair B as the disturbing 
and A as the disturbed. The two 
capacity readings may differ, and 
their average determines the capacity 
of the balancing condenser. 

The actual balancing procedure is a 


slight modification of 
400 


however, slight unbalances exist be- 
tween pairs within a quad, and balanc- 
ing is required. Since the capacity re- 
quired is small and must be accurately 
set, a small air condenser is used. For 
loaded intermediate cables these are 


the measuring thod. BEFORE (| 
The selected pairs are 2 460 AND BALANCING 
first connected to the 
balancing cabinet. For 3° | 
any combination the 
desired value of the « Be 
ondenser is 240 

determined as de- 6 on BEFORE BALANCING L=— 

. Ww) 
scribed above. This 2 ee 

lue is then sub- | 160 4 
pe REDUCTION DUE 
tracted from the set- & 
ting of the capacitance > LL” 
arm of the bridge, and 
the bridge is set to this 
corrected value. A bal- § *° 

ancing unit is then con- 0 FREQUENCY 

: 30 40 50 60 70 80 90 100 6110 120 130 150 

nected across the pairs FREQUENCY IN KILOCYCLES PER SECOND ae 
as shown by the dotted 


line of Figure 2, and is 
adjusted until zero 
tone is obtained in the 
detector. After this, the ends of the 
wire are insulated and fastened, and 
the condenser is screwed onto its stud 
in the balancing cabinet and its ends 
soldered to the terminal lugs. On a 
few of the pairs, the crosstalk may be 
so low as not to require balancing, 
and this accounts for the empty posi- 
tions in Figure 1. In general, however, 
pairs in existing cables need to be 
balanced, as do the pairs in the new 
paper-insulated shielded cables. 
Because of the shielding provided 
for the disc-insulated spiral quad 
cable, no balancing between quads is 
required. If the pairs within each 
quad were always in their ideal posi- 
tions, no balancing would be required 
for them either, because of their non- 
inductive arrangement. Occasionally, 
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Fig. 4—Far-end crosstalk before and after selection and 
balancing on a typical cable 


installed with the terminal loading 
units, as shown in the upper left of 
Figure 3. For lead-in or entrance 
cables, they are mounted on a small 
panel installed in the office. 
Selecting and balancing on existing 
cables result in a crosstalk reduction 
of about 20 db at 140 ke. The results 
obtained on a particular cable are 
shown in Figure 4. The circle at 140 
ke gives the root-mean-square value 
of crosstalk on ten available pairs be- 
fore selection. The crosstalk on six 
selected pairs before balancing is indi- 
cated by the upper curve, and, after 
balancing, by the lower curve. In this 
case the selection and balancing were 
done at 140 kc, but the final cross- 
talk value is about the same over 
the entire range as it is at 140 kc. 
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Determination of the Average Life 


of Vacuum ‘Tubes 
By D. K. GANNETT 


Toll Transmission Engineer 


HE vacuum tubes used in the 
telephone plant are, on the 
average, very long-lived. How- 
ever, with an individual vacuum tube 
as with a human being, the surest 
thing about life is that it will some- 
time end. Among a group of tubes 
which are made as nearly alike as 
possible and used under identical 
conditions, a few may die in infancy, 
many will live their normal span, and 
some will last to a ripe old age. Still, 
while the future of any individual 
tube may be unpredictable, there is a 
great deal more certainty about the 
probable average life of a large group 
of tubes. 

The statistics of human life are 
studied by the life insurance actuary 
so that, knowing the “‘life expectancy” 
of people, he can determine the aver- 
age annual cost of insuring their lives, 
and thus establish the proper insur- 


ance premiums. Similarly, statistics 
regarding vacuum tube life are stud- 
ied by the engineer, so that, knowing 
the “‘life expectancy” of the tubes, 
he can determine the average annual 
cost of replacing them when they fail. 
The engineer, however, has a broader 
interest than merelydetermining costs. 
He wants further to know whether a 
given type of tube is prone to fail 
suddenly in such a way as to affect 
service, or whether it usually fails 
gradually in such a way that it can 
be removed before it seriously affects 
service. He needs data which will en- 
able him to prescribe testing routines 
that will make it possible systemati- 
cally to remove tubes before they be- 
come service hazards. He wants to 
uncover troubles which may be cor- 
rected by improved methods or con- 
ditions of operation, or by changes 
in design or manufacturing technique. 
The engineer is sel- 

dom in the fortunate 


position of the life in- 


surance actuary of 
being able to obtain 
data from all of the in- 


dividuals with which 


he is concerned. There- 
fore the engineer relies 


on field trials or studies 
of selected groups of 
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Fig. 1—Survival curve of vacuum tubes from trial at South- 
fields, N. Y., repeater station 
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tubes in the plant. In 
analyzing the results 
of such trials, he 1s 
faced with a further 
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complication. The tubes used in tele- 
phone plant have average lives which 
are measurable in terms of years so 
that a very long time would be re- 
quired to obtain their complete his- 
tory. When a new type of tube is 
developed, the engineer cannot afford 
to wait years to determine whether it 
is satisfactory for standard use. Meth- 
ods of analysis of the field trial data 
are required, therefore, which will 
enable a reasonably accurate predic- 
tion of the average life of the tubes to 
be made in a comparatively short 
time, frequently much shorter than 
the average life. 

Analysis of the data from many 
field trials in the past has indicated a 
certain pattern in the life statistics of 
vacuum tubes as now usually con- 
structed. This pattern has been found 
to exist in every case in which sufh- 
cient data have been obtained to 
establish the facts. For such tubes, 
this gives a means, therefore, to pre- 
dict from the early performance of a 
field trial the average life of the tubes 
being tested with reasonable assur- 
ance that the prediction will later be 
confirmed when all of the returns 
are in. 

The pattern is merely that among a 
large group of tubes, after an initial 
period that varies with the type of 
tube, the rate of failure expressed in 
per cent of the tubes remaining in 
service tends to become constant just 
as though the tubes failed in random 
fashion. This is equivalent to saying 
that a curve showing the per cent of a 
group of tubes remaining in service 
plotted against the time after they 
are placed in service becomes ap- 
proximately an exponential curve 
(y=ae™*) after the initial period has 
passed. An example of such a curve is 
shown in Figure 1, the data for which 
were obtained a few years ago from a 
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field trial of several hundred tubes at 
the Southfields, New York, repeater 
station. It will be seen that after three 
or four thousand hours, the experi- 
mental points fall quite accurately on 
the exponential curve that was drawn 
between B and c. 
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Fig. 2—A logarithmic plot of the data of 
Figure 1 becomes a straight line 


The reason why tubes fail accord- 
ing to such a curve is complicated and 
not completely understood. The ac- 
tive material within a tube is sufficient 
to give a potential life many times 
that usually obtained. However, many 
things can occur within the tube to 
destroy its usefulness. Whatever the 
exact mechanism by which these 
effects occur, the result is an apparent 
gradual but random failure of the 
vacuum tubes. 

To make practical use of this law 
of failure, advantage is taken of the 
fact that exponential curves become 
straight lines when plotted on semi- 
logarithmic codrdinates. Figure 2 
shows the data of Figure 1 plotted in 
this way. The simple procedure fol- 
lowed in analyzing trial data, then, is 
to plot the per cent remaining as 
ordinates against time as abscissas on 
semi-logarithmic codrdinate paper. 
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As the trial proceeds, when several 
points have been obtained through 
which a straight line may be drawn, 
it is safe to assume that the expo- 
nential phase of the trial has been 
reached. The straight line may then 
be extrapolated into the future, as 
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Fig. 3—Logarithmic plot of survival curve 
of vacuum tubes from trial that has been 
carried on at Morristown, N. J. 


shown by the dotted line in Figure 2, 
with reasonable assurance that time 
will verify the line so drawn. 

Figure 3 shows the similar treat- 
ment for data from another trial, at 
the Morristown, New Jersey, re- 
peater station. In this case the initial 
rate of failure of the tubes was some- 
what greater than normal, instead of 
somewhat less as in Figure 2. This 
type of curve is less common than 
that illustrated in Figures 1 and 2. 

The average life of a group of tubes 
is the total number of tube-hours of 
service which they render divided by 
the number of tubes originally in the 
group. If the life curve is exactly 
exponential throughout, it can be 
shown that the average life corre- 
sponds to the time when about 37 per 
cent (100 per cent divided by e) of 
the tubes remain in service. The extra 
life of the tubes which last longer than 
that compensates for the deficiency 
due to the tubes which failed earlier. 
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Even when the curves depart from 
the exponential in the initial period of 
the trial, as in the illustrations, this 
rule is still true with very slight error. 
When the exponential curve has been 
detzrmined as just described, there. 
fore, the average life may be esti. 
mated by noting on the curve the 
time at which 37 per cent of the tubes 
will remain in service. In Figure 2 
the indicated average life is about 
11,000 hours, while in Figure 3, it js 
about 17,500 hours. 

When a considerable number of 
tubes are involved in a field trial, the 
points representing the experimental 
data usually tend to form a smooth 
curve, as in Figures 2 and 3, and there 
is little difficulty in drawing the 
straight line. In some cases, particu- 
larly when the number of tubes is 
smaller, the points are more erratic, 
and considerable judgment may be 
required in drawing the line. In these 
cases, the straight line may be drawn 
arbitrarily through the last experi- 
mental point and with such a slope 
that the area under it up to that point 
is the same as the area under a curve 
drawn through the actual experi- 
mental points. This results in estab- 
lishing the exponential curve that 
would give the same number of tube- 
hours of service up to the time of the 
last experimental data, and the same 
number of tubes remaining in service 
at that time, as the actual experi- 
mental data. This is the best approxi- 
mation that can be made with meager 
data to the curve that would have 
been obtained had more voluminous 
data from a larger number of tubes 
been available. Figure 4 represents a 
curve that has been drawn in this 
way, representing data from a trial of 
flashed 101F tubes. 

For the data shown in Figures 2 
and 3, there was an unusual oppor- 
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tunity to check the prediction of 
average life by statistics from the 
entire plant of the Long Lines depart- 
ment of the American Telephone and 
Telegraph Company. The trial at 
Southfields showed the results of 
operating 101F tubes at a filament 
current which was about six per cent 
lower than the then standard filament 
current. From the curve which was 
obtained (Figure 2) it was estimated, 
as noted above, that an average life of 
about 11,000 hours would be obtained 
at this lower filament current. Ac- 
cordingly, the lower current was 
recommended to the plant in the fall 
of 1929, and shortly afterwards all of 
the filament circuits in the Long Lines 
plant were readjusted to that value. 
For a time, statistics were gathered 
from the 92,000 tubes then in the 
plant to note the effect of that change. 
When the change had become fully 
effective, the rate of failure became 
stable at 6.2 per cent per month. This 


I 
corresponds to an average life of =— 


months, or 11,800 hours, thus verify- 
ing the prediction. 

A little later, improvements were 
made in the 101F tubes, the effect of 
which was checked in the trial at 
Morristown whose results are shown 
in Figure 3. From the curve it was 
estimated that the average life would 
be increased to 17,500 hours. In 1932 
when the improved tube had come 
into general use, the rate of failure 
among the 110,000 tubes in service 
dropped to an average of 4.02 per cent 
per month. This corresponded to an 


average life of months, or 


18,200 hours, again checking the pre- 
diction. 

In field trials of vacuum tubes, the 
tubes that fail are classified according 
to the type of failure. Generally, the 
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principal cause of failure is decreasing 
filament activity. Other types of 
failure are: filament burnouts; fail- 
ures due to the presence of gas in the 
tube resulting in loss of gain, grid 
current, etc.; mechanical failures, 
such as broken parts, short or open 
circuits, etc.; and noise and miscel- 
laneous troubles. The reaction of these 
on service depends upon the type of 
equipment in which the tubes are 
used. If any of these types of failure 
occur in excessive numbers, and the 
operating conditions appear to be 
satisfactory, the problem is referred 
to the Electronics Research Depart- 
ment, which considers the possibility 
of reducing these failures by further 
development and improved design of 
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sent somewhat irregular experimental data 


the tubes, or by improved control of 
the manufacturing process. 

Most vacuum tubes in service are 
given regular tests, for the purpose of 
removing those tubes from service 
which have failed or are near failure. 
The nature of the tests varies with the 
kind of equipment in which the tubes 
are used. The endeavor, in these 
tests, is to insure removing tubes from 
service before they are likely to cause 
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difficulties or otherwise to affect serv- 
ice, while at the same time realizing 
as long a life as possible. The data 
from field trials are of considerable 
aid in determining the type of tests, 
the testing limits, and the interval 
between tests. 

It is of interest in this connection, 
that it is a property of the expo- 
nential life curves described above, 
that the probable further life of a 
group of used tubes which are still 
good is the same as the probable life 


of a group of new tubes, neglectin 
the effect of the initial period before 
the curves become truly exponential, 
For present tubes there would ordj. 
narily be little advantage, therefore 
to a system of tube maintenance in 
which all tubes are periodically re. 
placed by new tubes. The short-lived 
tubes having already been weeded 
out, the tubes that remain are likely 
to last as long and give as good service 
as the new tubes with which they 
might be replaced. 


In making a life test of the door hinges of a telephone booth, the door is 

opened and closed repeatedly by a motor-driven mechanism until the 

hinges wear and the door fails to close completely. W. A. Krueger is shown 
inspecting a hinge for looseness 
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